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I. On the Universal Powers of Nature and their Mutual Defend* 

ence. Bp L. A. Coldish*, 

MY previous worts upon this subject have been so favour- 
nh]y accepted by the Royal Scientific Society, that I am 
encouraged once more to lay before the Society some inquiries 
founded upon the principle of the Lost Forces, which I for- 
merly stated; and I am the more happy at having beeu re- 
quested to continue my researches, whieli have aflurJcd me many 
pleasant recreations from my other occupations, because the 
sequel will contain a basis for a seric^i of inquiries which, I am 
rare, are in many respects not without interest. 

On former occasions, as is well known, I have in part referred 
to the intimate connexion which is proved to exist between the 
powers of nature ; in part I have tried to explain the common 
Jaw according to which the respective powers of nature may be 
developed from each other ; and the correctness of the funda* 
mental principles proposed here has been conQrmed bv expert* 
mcnts, which I have performed upon the heat developed by fric- 
tion of solid bodies. 

I rnnnot oinit the remark that just as it is the various forces 
of nature cunncctcd with the parts of matter which continu- 
ally have caused and continually will cause the incessant deve- 
lopment of the endless variety of different bodies whicli nature 
presents at all tinius, and just as the peculiar character of 
the bodies is owin^ to these forces, so the incessant eliang«; 
which, in fact, may be considered to be the characteristic of mat- 
ter ia caused by their mutual effect. But a general view of the 

• Communicated by Profci^sor Tait. 

PhiL Mag, S. 4. Vol. 4^. No. m. July 1871. B 



Digitized by Google 



M. li* A* Colding on tke Univenal Powen of 



vnrimis ciu r^ics must evidently call forth the idea tliat tlicy also 
are produced and developed for the purpose of disappearing after 
having performed one or another elTect on the pai'ticles of mat- 
ter; for, in the first place, it is well known tnat every land of 
energy (as, for example, energy of beat, mechanioal energy, 
dectrie energy, &c.) is able to produce all tbese energies ; and, 
secondly, w(; know tbat when quantities of mechanical work, 
quantities of heat, S:c. are produced through certain quantities 
of work, qnuitities of beat, &c., then these energies disappear 
by degrees as new ones arc produced. It is a well-known fact, 
too, that the production of heat through heat, or of quantities 
of mechanical work through quantities of Tncchanical work, &c., 
is in reality nothing but the vm-v^y imparted from one system of 
Tnaterial particles to another, and no new production, and also 
tliat the receiving body can at most merely receive an increment 
of energy of the same quantity as that which the imparting body 
loses; on the contrary, keeping to the indistinct view of the 
energies having acted their part^ when certain material results 
have been produced, we have not as yet formed a clear idea of 
the general proportion between the acting and the prodaeing 
forces. Thna, for example, when the mechanical energy eon« 
tained in a quantity of water falling upon a water-wheel drives a 
saw-mill, then it piodnces every moment a certain material 
result, but the corresponding mechanical energy itself is lost. 
Or when heat, developed by burning coal under a steam-boiler, 
moves a oom>mill by means of a steam-engine, then the beat 
likewise every moment produces a material result, at which the 
common idea stops; hut the rnerpry of heat which has produced 
this result exists no more, and we say it has become latent. In 
the same manner, when the ck etrical curn nt developed by che- 
mical forces is perforininp; a certain work, by niean^ of an electro- 
magnetic machine, then its energy disap])ears during the work, 
&c. That new forces, as heat, electricity, &c., are developed 
along with the mateiial work is iuiUnl will known; but this is 
generally considered a secoudaiy thing. This view has, bow- 
ever, always appeared to me a very unpleasant one; and I 
think, on the contrary, tbat the only natural view of this subject 
is, as I explained before ; T%at theforcet by no metam vanish m 
matter, and eonsequenify U muet be a general law qf nahare thai 
theforeee, wUhout exc^ion, undergo a mere change when theg 
seem tosOtttsA, and afterwards reappear as active toureet of power 
of the same giantity but under d^erent forms*. 
If the alleged proposition is correct, it is evident thai the 

* See Die orpanueke BeweguHff tJi ikrem Zusammenhanfe mit dem 

Stoffwechsel, bv Dr. J. R. Mayer (Hcilbronn, 1846); sadHelmholtSrl^e^cr 
dU ErhaUwng ikr Kraft (Berlin. 184/). 
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ajftreni kinds of energy, a» energy of heat, mechanical energy, Ike 
energy produced by the mutual effect of chemical forces, ^'c., cannot 
be differeni eesence, but that all the varioue kinds muet be looked 
upon as one and the same energy, as, for example, meekamcal 
energy. 

As heat consists ia the motion of the particles of bodieSj it 
follows from this: 

1. yViw/ ////' material par(ic/r>} of irhich bodies consist are in con- 
tinual motion, even when the particles 0/ the body seem to be at 
perfect rest ; and 

2. Thaty in investigations into the internal motions to which 
the bodies are subject, we need not look upon heat as a particular 
force, but rather as the result of the existing attraetums and repul- 
mem tn comnexion with certain quantities of motion imparted to 
the particles of the body. 

At to the condition in which the material particles of a hody 
are, il ia most natural to admit, frith Davy, that^ according to 
their nature, the smallest elementary particles of the body pos« 
sess a certain electric force, tlirough which they attract or repel 
the other material particles of the body. The proportions between 
the quantities of the various elements contained in the body, as 
well as the number of the different elements and the quantity of 
their electric forces, determine tlie positions of equilibrium of the 
individual ])articlc8 as dependinp; upon the adjacent particles 
and their internal groupings in bodies. About these positions of 
equiiibriuni, whidi for caeli individual particle arc determined by 
the attractions and repulsions of all the other particles, the par- 
ticles attracted and repelled continually vibrate on account of the 
imparted momentum ; and, in my opinion, the heat of the body 
consists in this motion, which, like any other kind of motion, 
may be more or less, according to circumstances. Thus it is 
obvious that the internal quantity of energy in a body will in- 
crease as well when a new quantity of energy, whether in the 
shape of mechanical energy, or of heat, electricity, &c., is im- 
parted from one body to another, as when those forces are 
increased by which the particles of the body arc moved among 
themselves. On the contrary, the quantity of energy will de- 
crease wlu n some part of the motion contaiiu d in the body is 
conducted into other bodies, or when the forces decrease by which 
the particles of the body are moved. 

When no energy is iutjiarted to or taken away from the body, 
and the forces by which the par/icles of the body are moved among 
t/iemselves do not change, then the energy contained in the body will 
remain always the same. 

Now the problem is to determine the proper mathematical et- 
preasiona for the energy contained in a body. In consequence of 

B2 
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llic prrcctlinp: remaiks thU will not be difficuU, as we liavc seen 
titat the various kinds of energy are in reality not difiVircnt^ but 
that all of tbctn may be considered as one — ^ror example^ as me- 
chanical energy. 

As wc conscqiicntlv have to fictcrminc the general mathcmn- 
tical expression for tlie mechanical energy amono: the material 
particles, or, wliich is tlie same thing, to determine the mathe- 
matical expression for the total integral of vis vim which ha? 
been called forth among these particles by an originally existing 
source of motion^ the following well-known example may be 
nsefuL 

If a quantity of water m be at rest at the beight h above the 
surface of the earthy and if A is small enongh for us to suppose 
the force of gravity at the height A to be equal to the force of 
gravity y at the surface of the earth, then it is a truth admitted 
by all, and completely proved, that the whole integral of motion 
^Yhich may be produced and imparted (for example, to a water- 
wheel, or to any other machine) through the force of gravity will 
be expressed by 

which effect, however, we shall only be able more and more nearly 
to approach, never to obtain entirely, on account of the impedi- 
ments which always occur, such as resistance of air, resistance of 
ftrtction, &c. As m .g is the weight of the water, and h is the 
height through which the water is allowed to fall, we perceive that 
if m .g is expressed in pounds and h in feet, then the mechanical 
energy, wliich in mcclianic^ generally \^ callcil the qninitity of 
woi], , is to be expressed iu foot-pounds — that is say, in pounds 
raised one foot. 

Further, it is well known and piMucd that, if we abstract from all 
those resi ^lanccs wliieli in faet will occur, then we obtain c xtictly 
the same quiintity f'f work, whether the water moves verti( ally in 
the direction of giavity or is forced to move along any aicliiied 
plane or any curved line through the height h \ the consequence 
of which is that the increment of quantity of work which is 
developed by the falling through each little part ii of the path i 
is equal to m multiplied by ds, resolved in the direction of the 
force ; that is. 

But it may easily be perceived that this formula would hold true in 
general, even if the accelerating force g were any vanablc quan- 
tity ^ and m any mass, as g' will always remain constant daring 
the element of time it in which the element of path i£i is de- 
scribed. If, then, we put the accelerating force resolved in the 
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direction of the path 

and the velocity in the path, afui" the Ia])sc of time /, is put 
equal to V, then wc have the increment of energy expressed in 
general by 

We also perceive that the unit of this quantity Q is still the 
same a8 observed before, viz. one pound raised one foot. 

But if the rccfangulau coordinates of the material point arc 
denoted by j:, y, and the accelerating^ forces in the direction 
of the three coordinate axes by X, Y, then wc have 

^ as ds ds 
vhichi substituted in the above eqaationi gives 

from which the energy pvodueed during the time i is founds vis. 

Q=mj\X(/ar + VJy-hZe/.-) + Cj, .... (2) 

C| being nn arbitrary constant. 

If, on the contrary, the point is not perfictly free, but subject 
to nny nntrrial resistance, such ;h tlif I'csistancc of a limd, resist- 
ance of friction, &(-., then the increment of energy during the 
time dt will only be 

from which we find the energy^ whieh in fact is coutatned in the 
point after the lapse of time i, vis. 



w^tn ,-^^C^f •••••• (-J) 

whore is an arbitrary constant. 

The measure for this energy is still, as before, 1 pound raised 
1 foot, which is easily ascertained by observing that the quantity 
of energy w might also have been obtained by causing the mass 
m to fall through a height A of vacuum so great that the terminal 
velocity thereby had been v, which depth of fall is determined 
from- the equation 

— =zg ,h, as y is the force of gravity. 
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r' . . . 

If tbis value for - is substituted iu the expression fur w, formula 

(4), then we get tv expressed simply in foot-pouDds. 

The energy ^Yhich the material point loses during the motioa 
in the time di may consequently be represented by 

But this energy is only apparcutly lost when it seems to vamsb ; 
tor, so fur as the stated piinciple is correct, it reappears in ila 
original magnitude merely under another form. Thus the new 
energy may be represented by 

''-"[(''-£)s <'-s)s sm-"- 

This equation^ which may easily be put into the form 

shows, to begin with, that we get the whole new energy by tuking 
the amounts of the energies which the accelerating iurces in the 
direction of tlie axes will sc])arately produce. 

Jf wc imauMnc the material point to be i^ubjcet to any kiiul 
of resistance-, and li' we denote the i\ <nltaut of them all by u, 
then this uiay be supposed to be icbulvcd into two others— viz. 
into the resistance in the direction of the }»atli (which 1 shall 
denote by P), and into the resistance perpendicular to the path 
(which I shall call 1\) . We have then, as known, 

P=m[(X-^^)^ + (1 - J) + (/- ^,.) ,J. 

which, substituted in the equation (5)^ gives 

from which we get by integration, 

j-fl'.J.«i< + C, (6) 

in which C is an arbitrary cou'^tant. 

llciice follows thai the neivhj jn uauccd en-, rijij dtpcuds onhj on 
i\ or the rcaiatancc in the direct luii of the path, iiJunai it 16 ituiejjea- 
dent of or the rcmtance pcrjn ndicular to the path*, 

* The last result mny^ jicrhaps not appear to be c«M;utially Uilicrciit fi-um 
whatiBinunediately derived from formula (1 ), if we only look upon the ma- 
terial resistances in the ilinctions of the three eoordicate axes as real forees, 
which we mip:ht suppose to be incliKied ni the acccler;itin!i forces X, Y, 
and Z but partly it is obvious that formula (1) would tlieu represent the 
increment of the quantity of energy wbich the moveable body in iaet 
would receive during the tune t, consequently what is czpreiacd in formula 
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When Xdx + Ydy + Zdz is an exact difierential whieh we may 
denote by d, y, z), tben formula (5) by integvation stniply 
gnrea 

j=j».F(«,y,z)-^.t>«+C. ... (7) 

As a particular case, I will here regard that in which the 
resistance 1' in the dircctiun oi* the path is the constant, as in 
Coulomb's ex|)erimcntR with friction of metal sJidiug on metal; 
a|^rueably tu iurmuia (6) we then j^et 

when q is supposed = zero for 9=0. 

This equation sho^Ys that the newly developed energy is equal 

to the prodnct of the friction and the space passed through, 
which is in "hccordance with my earlier experiments, nnd that 
the amount of this ener.ry is independent oi' the velocity with 
which the slider is moved ; and this result was likewise derived 
from my e^^periments. 

TheEner^ m a whole Syitm of MaUrwl Painh. 

Let us next advert to the motion of a whole system of material 
points whose masses we may denote by m, m', m", &e. 

Af^er the lapse of time let ^,y,zi ^« js^; a^', ^, 2", &g. 
be the ooordioates of the points m"^ &c.^ the aecelerating 

forces iu direction of the axes for these points respectively 
X,y,Z; X', \\ Z'; X", Y'', Z", &c., and let the incremenU of 
tbe energies whicb arc yielded by tliesc points to the material 
resistances be respectively dq^ d^, d^\ &c. \ tbeUj in conseqaenoe 
of formula (5)j we get 

(3), which had then first to be subtracted from d(\ in order to show the in- 
crement of the lost energy, or the energy dq appearing in a new shape : 
partly I havL- wishi tl thiTchy to avoid the confoumhn^ of material resist- 
ances with reni forcpH : !'or it seems to mc that the material resistances are, 
as it were, " uinck^s thing," tu whieh souic part oi' real force, being the re- 
sultaot of the three forces X, Y, Z in formula (I) resolved in diteetion of 
the path, is imparted during the motion of the mass m. Though it is sure 
that forrrinl i i '> ) may be rcj^arded as a simple result of formula (1), yet 1 
keep this iurmuia so much the more, that the tram of ideas developed 
■bove made me at first lennble of the lesl state of the whole. 
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If all these last equations are added^ and if we put dq+d^-i-d^ 
+ *,,rs6dqft then we get 

ill which d(jf denotes the whole ineirniciit of rncrprv which all 
the material parts togclher yield to the UiaLtriai rcsi stances, and 
S denotes summation. 

If there are no other resistances than those given in the system 
of material points in qaestion, we have 

which shows that the system docs not lose any energy on account 
of tlie internal resistances. 

The energy imparfed to tlie material rcsi^tanci s by the sy.-^tciii 
during the time t may, cuniormably to iurinula (8), be cxjircsscd 

If now wc coinjiarc what has been set forth in equations (1) 
to (7) above, then we perceive that the whole internal enerirv 
which is cuaUmicd m a system of luuLcnal points may iu aii 
cases be represented by 

«.js«(^;±^)+c, . . . (10) 

C being an arbitrary constant. 

Hence results thai ii hcn tlie energy of a body manifests itself 
under the shape of heat, then the contained quantity of heat may 
ahoayB he expressed by the vis viva contained in the material par- 
ticles of the body, as we mean by vis viva half the amottnt of oil 
the masses of the material particles, each multiplied by the square 
of its own velocity. 

In a note hy Ampere, ''Sur la Chaleur et sur la Immi^FC 
consid^r^s comnies resuhant de mouvemens vibratoircs the 
author has set forth the idea that, while all rays of light and 
heat advance in waves through the aither, the propagation of heat 
in bodies depends npoi^ the vibrations of the atoms and their 
propagation from particle mto particle. Thus, looking upon heat 
as a motion of atoms, the author compares the quantity of l)eat 
contjiined in bodies with the vis viva of the atoms, and thereafter 
shows that the general equations for the propagation of heat iu 
a body mw^t also hold true lor the propngation of the vis viva. 
As 1 think i have proved in the above that the internal energy of 
a body must necessarily be equal to the vis viva contained in the 
♦ Annates (k Chimie et de Phyxifpte, vol. Iviii. p. 4'3'J. 
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IMUtideSj it also necessarily rcsalts from this that it is hy no 
means disagreeing with nature to apply the stated principle to 
the propagation of beat in bodies, asj on the contrary, it leads to 

truths proved by experience. 

Now T shall proceed to rxaniinc how the internni quantity of 
energy contained in a tluid must vary when the pressure and 
density of the fluid vary. 

Let dm be the element of the liquid mass whose particles, 
according to the above, must be suj)i)oseLi to be in incessant in- 
ternal vibration ; let the coordinates of the point of mass in 
question, after the time /, be Xj and let Xdm, Ydm, Zdm be 
the moving forces on dm in the direction of the three rectangular 
coordinate axes; further, let the density at this instant for the 
said point of mass m be and let ^ be the pressure on the unit 
of surface ; if moreover tnc velocities of the element dm iu the di* 
roctions of the three coordinate axes be denoted by 

dx dy dz 

«=rfT ""^Jt- 

and if the increments of the yelocitics during the time dt are 
equated to ^/^^^ 

then, in conformity to the above, tlic increment of mechanical 
energy which the element dm would have received during the 
time dt if it bad been perfectly free will be 

dm{llidZ'^\dy-\-ldz). 

But, as the element dm is not perfectly free, in fact it only receives 
an increment which may be represented by 

dmijidx -f ^dy + tf^dz). 

During the timc-clcmcnt dt this dement of mass consequently 
loses some part of the mechanical energy which is really pro- 
duced through the accelerating forces. If the energy which dm 
loses during the time i is represented by q . dm, then the energy 
lost in the time-element dt is equal to aq . dm, and thus wc get 

dq.dm^ [(X-M'yjr+(Y-t/)^y+ (Z-ttr^j^/rl^/w. . (11) 

But this internal energy dq .dm, which is iinparted to the ma- 
terial resistances bv the element dm during the time dt, may be 
put iu a simpler form ; for, as is well known, we have 

dxdydzSr-^ (X — i4')</jii. 



dx 

da:di/d£/^z^{Y-t^dm, 



dxdydz,^=z (Z— it/}rfw 



(12) 
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for if the three equations (12) are added after having been mul- 
tiplied respectively by dx, dy, dz, uud we observe tboi 

then ve tee that tlis fonnnla may be written timply 

dq .dnf^dxdy dz .dp (13) 

The new incrcmeut ot cuergy develo))ed in the unit of mass in 
the time dt may consequently, for the pumt in qucstiuii, be ex- 
pressed by 

^■■"^<iffi^'*"p**' .... (U) 

since dm=^p . dx dy dz. 

By nicuiis of loi inula (14-) wc arc now without difficulty able 
to determine the amount of internal energy produced ia a unit 
of mass of a liquid body when it is compressed through external 
force ; and a« the internal energy produced thereby chiefly ap- 
pears in the shape of energy of heat> we are able to determine 
the quantity of heat produced by the compression of fluids. 

With regard to this, I shall here call attention to the quan- 
tity of heat developed in aeriform bodies suff( ring compression. 

Let us suppose that the gas in question^ during the state of 
equilibrium, has in every place the same density and that k 
and gmh denote the barometric hcitrht and the pressure of 
air answering to this density, (/ bcitiir tlu* ff)rcn of gravity and m 
the density of the mercury. Let us l urther, at any in^tnnt during 
the compression, denote the density and pressure of the [^as by 
p and/?, then we have 

p=D(l+j), (13) 

in which 8 or the degree of condensation may be either poeitive 

or negative. 

If the condensation takes phice so quickly that heat is neither 
lost nor received during tlie motioUj and « is only a very small 
magnitude, then, as is known, 

p=gmh{\ + y.s), (16) 

where y denotes the ratio between the specific heat at constant 
pressure and that at constant volume. From this formula, 
whose correctness increases in the same degree as # is decreased, 
fallows, 

^zirginh .y .ds; 

and by substituting this value for dp, together with the expres- 
sion for p of formula (15), in the equation (14), we get 

umh ds . 
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If Ihb equatian it integrated, and we observe thai « is always 
MtppoMd lo be very siiMUf then we have without any appreciable 
error 

2=^0+ %-.y-*. (17) 

supposing q^q^ for #=0. 

If the temperature of the gas in its origioal state of equili* 
briom at the density D be denoted by and the temperstare 
darinq the couipres.sion at the instant in question be denoted by 
(Th- ^» then» if the ooeffieient of expansion of the atr is we have 

IT'' l+«t 

Wlirn wc here substitute! the valiic-s of p and p, accu-i diii^ to 
the foruiuiiL (10) and (IG), wc get wiLiiuut ujiprcciablc error 

aB 

which, when substituted in formulss (17), gives 

_ qmh .y .aB 

If the density of the gas at 0*" during the pressure ^mh is 
equated to Dq, then is 

l)(l + aT)=Do, 
and oonaequently we have 

If the velocity by whieh rj varies in j)roj)ortion to the temperature 
is denoti d by o), which rcprestuts the specitic heat of the Uuid 
of variable volume, then we have 



By diffisrentiating the equation (18) with rcgtrd to 9, we then 
B«* 

aud as this expression is not changed, however siuall is sup- 
posed to be, we perceive that formula (20) must represent tho 
cxaet expression for the specific heat of variable volume* 

When now we denote the speeifie heat of variable volume for 
another gas by a»', and the deti2>ity at 0^ under the pressure n/mh 
is denoted by IV^ and the ratio between the specific heat of this 
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gas ;it constant prt •^-iirc [i.e. of variable volume) and at constant 
voluuic is denoted by y, then, as the coefficient of cxpaufiiou a is 
the same fvr all gases, wc tiud 

and by taking the ratio between the qaantities of specific heat 
for these gasesj we get 

which cxncibj is Dulong's formula according to w/uch the specijic 
heat of the f/a.ses is ralcuf/if>'(l*. 

I shall briL-tU" make use of tlicse fontiulic to determine the dc- 
velopmcnt of heat which takes place during the prupagatiou of 
sound in an aeriform body. 

If the velocity of the souud be denoted by thcUj uccoidiii^ 
to Poiaton, we nave 



a 



when we keep the same designations which are used above ; and 

if the aeriform body is imagined to be unlimited in all direc- 
tions roinul a fixed point (the original point of the coordinates 
at which the undulation commences), and it, alter the lapse of 
time t, r is used to denote the radius vector of the point who-e 
coordinates are a*, y, then tlie degree of condensation s iii this 
point and ut this instant id determined by the equation 

«=i[F('-'")-/('- + <'0]. 

F and /representing two arbitrary funetions; if tbia exprcaalon 
for s is 8u!>stitutcd in the equation (17)^ we get the quantity 
of heat developed^ 

g=2[F(r-aO-/i;r + «/)J (22) 

Next let na examine the quantity of heat developed through 
compreaaion of liquid bodiea. 

Here it will be convenient to atart from (Erated^a experiments 
upon the compression of fluids. Agreeably to the said experi- 
roenta, it may be taken for granted that when a fluid for one 
atmosphere of pressure is compressed by a fraction of volume 
equal to A then this fluid is compressed ^fi, 4fi, &e. by the 
pressure of 2, 4t, &c. atmospheres. 

* SteM^moiret de VAtadimie Royah des Sciences de Vhslilut de France, 
▼ol.x. p. 188. 
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Fiuni Q'^fstcd's later rxpcriincnts upon development of heat 
through coaipiessiou of water, wc may infer approximately that 
tbe development of heat is proportional to the pressure, bo that 
2, 3, 4^ &e. times as much heat is developed by 2, 4, &c. at- 
mospheres of pressure as hj 1 atmosphere of ]iressiire. 

If we then imagine a umt of mass of a certain liquid, and we 
suppose its density = IV and its volume = V at the tempera* 
lure V, and if we pnt the pressure on unit of surface ^ffmh, and 
if we further suppose that tbe pressure is cliangcd and beeomcs 
then the temperature rises to (l'' + ^')> the density becomes 
(f, and the volume becomes V. We thus have 

p^=D'(l+.-0, (23) 

i/ denoting the degree of condensation. But si always being very 
small, we have with sufHcient appioximatiou 

V',«V'(1-*') (24) 

If, further, the coefficient of compression for one atmosphere 
at the temperature is denoted by /3, then, conformably to 
(Erstcd'a experiments, we have 



<gmh / J 
firm A ^)"*'» 



(25) 



<gmh 

since the pressure of air gmh is supposed to be equal to one 
atmosphere, and the development of temperature for one atmo- 
sphere of pressure is denoted by ^, 

If both equations (25) arc resolved with regard to and if 
formula (24) is taken into account, then wc have 



whence follows 



(2G) 



which, substituted in the equation (23), gives 

p'=D'(l+/95). 
When the second equation (2G) is differentiated, then we get 
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The increment of l.cat which the body receives while the pfcs- 
ture patses from iojf-\-dff will be, according to formula 

the integral of which, with auAeient approximation, may be 
written 

«'=?'o+^^*-7. (27) 

when we auppoae y^^Oo ^—0. 

Hence is derived thi spedfie heat of the fluid, 

J. {») 

By comparing the siiccific heat of a gas, formula (20), with 
the specific heat of a fluid, formula (2H), we find 

a,, Do 7-1 ' 
or if the density of the fluid at 0*^ is denoted by IVo, then is 

U being the known function of tlic terjipcrntnrc T' wliirh repre- 
sents the law of the expansion of the tluui by heat uiuli r con- 
st.'inl pressure. On account uf this the above equation may be 
written 

Suppose now, as a particular cn^c, that the gas in question 
is atinosphcric air and that the Huid is distilled water, both at 
the temperature 0°, then is 

U=l, — =0-2CG9, ^ =0 001299, and «=0 003GG ; 

further, in ronsrcjiu nceof the best observations upon the velocity 
of sound at 15*^*9 C, 7=1'40/. Wiicn these values arc sub- 
stituted and the equation is resolved with regard to c', then wc 
find 

^ " 8^ Celsius, 

irhich devel<)pmeni of heat exactly m/rces witli iJmt derived from 
some exjwrimfmts which (Krsfed made a few years ago upon the 
compremlfiitti/ of water at dijj'erent temper n funs. 

It the specific quantities of heat for two tiuids at the tenipera- 
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tiu'e T' arc compared, wc have, agreeably to foroiula (28)^ 

m 



(I),, W, ^, as before, dcDoting the apeciHc heat, the density, and 
the heat developed through one atmof^phere for one of the bodies, 
nnd M^i, W, (IcnotiDg the magnitudes for the other fluid analo- 

gn»is to D', e'. 

If o^i„ D", and e" are known for one of the fluids, as, for ex» 
ample, is the case with distilled water, in which 

0)^ = 1, D =i, and ^' = g55y» 

and if the amounts and IV are known for the other fintd, then 
formula (30) serves to determine the degree of heat ^ which 
will be developed in this fluid by one atmosphere of pressure ; 
for we find i 

6'=^rr^.-rcr (81) 

For the following liquid bodies I have in this manner deter- 
mined the degree of heat e' which would be developed in ease 
these Hnids were subjected to one atmosphere of comprcs&ion : — 



Name of the fluui. 



Distilled water . 
Sulphuric acid . 
Alcohol 



Olive-oil «... 



Mercury 



The (leoiity. 



Sulphide of carbon. 



Bromine 



(Sulphuric ether . . 
Oil of turpentine . 



1000 

IS-tS 
0793 
0915 

13-598 
1-272 
2*906 
0715 
0-872 



The specific 
heat. 



1000 

0-335 

0700 

0*50 ( 

00383 

0-329 

0135 

0550 

0*426 



The calcuiatetl 
degree of heat c'. 



(22^4) 
(le-sfl) 

[(13^) 



if 



it 



ft 



n 



1 
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The degree of heat developed in a fluid by one atmosphere of 
jtremare will in general be a function of the iempemture of the 
fluid. If, for example, we take distilled water and suppose its 
specific heat to be unvaried at all temperatarcs, theoj according 
to formula {2B),\\e get, at the temperature 

and at the temperature 0*^^ 

IVg and c'q denoting the values of and ^ for T'^O''. 
Whence^ consequently^ follows 

which shows that for water the Jc^rrce of heat developed varies 
so little that, on the whole, it may be considered constant. 

Conformably to formula (20), wc may now easily determine 
the amount of mechanical energy equivalent to the unit for 
quantities of heat« as one unit of heat raises the temperature of 
1 pound of water 1 degree Celsius ; for this formula may be 
written 

as wc notice that, when the volnmo for the said unit of mass of 
air at 0^ under the pressure gmh is denoted by then 

But now 

. 0-76« . 13*598 . 62ponnds 

and if the mass of one pound of air is taken as unit^ then is 

000366.1728 



0 001299 . 62 ' 
also 

7^1*407 and 0*76 metre =s2-421 feet, 

whence follows 

a»=321'42 pounds; (32) 

which shows ////// mprhnnicnl cm'ryijf exprps.-'cd btj 1 pnurul 

raispfl to the hciijht of 3'.M " 1*2 fcrt , is imparted to one jn>wn1 of air, 
then the internal rneryy (tj the cur vill he incrensfd in such a manner 
that its temperature must rise one detjrce Celsius. Jf the Bprcific 
beat of the water is denoted by a>^, then, in eonformiry to De la 
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KocliC and licrardj 

0^2669' 

from which results that the mechanical energy eqmvclini to tki 
energy of heat in a unit quauHty of heat is 

12043 pounds (3d) 

This expression for the specific heat of water shows that when 
tbe quantity of heat which is ahie to heat 1 pound of water 1 
degree Cdstus (the so-called unit of heat) is used in the most 
profitable manner for producing mechanical energyi then 1204*8 
units of work may be produced from it^ as a unit of work is 
equated to 1 foot-pound; and conversely, when an energy 
B 1204*3 units of work is imparted to the material particles olf 
a body, then the internal energy among the particles, when ap- 
pearing as energy of heat, will be increased by exactly one unit 
of heat. 

When this result is compared with I formerly derived from 
my experiments upon tlie heat produced by friction of solid 
bodies, by wliioh I fouml an average of 1 unit of beat equal to 
1185'4! units of work-^-, thcuwc perceive that this average differs 
a little from that represented in (.33) — liowever, not more than 
might be expected from the few expciimcuU which 1 have hitherto 
had opportunity to undertakef. 

In the preceding we have examined the quantity of energy 
produced in a fluid undergoing compression; let us now proceed 
to determine the general expression for the magnitude of the 
energy contained in a fluid at a given temperature, pressure, 
and density. 

If the material points of which the fluid consist are (as above) 
denoted by w',nt", &c., their coordinates by x, y, z ; x^, y',s^i 
z^'fy", z", kc, and the accelerating forces, by which tlicsc 
points are moved, by X, Y, Z ; X', Y', Z' ; X", \", Z", &:c., and 
if wc suppose that the liuid by degrees yields some part of its 
energy, under the form of meelianieal energy, for the production 
of a certain work, then, in coutormity to tiic formula) (9) and 
(101, the whole quantity of energy which the fluid has lost, after 
the lapse of time /, may be expressed by 

q=lm^{XdiihYdy+Zdz)'-w+C, . . (84) 
as X m^iXdX'^Ydy'^Zdz) denotes the sum of all terms analo- 
gous to j»J(X</^ + Y(/y + Z«ir) answciiiig to all the material 

* See Fideiifft. SM, Skr, 6 lUtkke, nature, og math, p. \4C}, 
t Experiments: upon this sul^ectiunre lately been made by Mr,J.P.Joale« 
Pogg. Ann. vol, Ixxiii. p. 47^. 

FhU. Mag, S. 4. Vol. 42. No. 277. July 1871, C 
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points m, m\ mf*, &c.> and w represeDts ibe energy which the 
fluid actually contains. 

Provided the fluid h a gas, we may witliout any appreciable 
error leave out of the f(3rmula tlie terms which depend on the 
mntnal ath action of the particles of air, and then the formula 
may be written 

. . . .q^Cr-ir (35) 

When the mass of air by which the work is performed is sup- 
posed to be =fi, then, conformably to formula (14)) webave^ by 
differentiation oif the equation (35), 

P 

But, in accordance with Mariotte and Gay-Laasac'a laWj p ii • 
given function of p and $, determined by the equation 

p»ip(l+,0), (80) 

9 being the temperature CdrinS;, and « the coefficient of ezpan- 
eion for the gas, and k the ratio between the preesnre of air 
gmk and the density J)^ at (f» Thus we find 

the whole integral of which is 

•«.-/(«) -Ma +«*)logf, . . . (87) 

fi6) denoting au arbitrary functiou of 0^ any constant pressure;, 
aiid log represents the naUual loprarithm. 

Formula (37) k exactly the same as llultzmann iuu da iviul for 
vapour (of water)* by a procedure similar to that which was Jirst 
Miaied 6y Clapeyron-f, 

As is well Known, the specific heat at constant pressure ia de- 
rived from this formula, 

««^/'W-^«iogJ, (88) 

and the spcciiic heat at constant volume will be 

"•»i/'W**«logf-^*-, . . . (39) 

in wliich f'(6) denotes the diflerential coefficient of /($) with 
regard to 6, From formulae (38) and (39) we may also easily 

derive formula (20). 

If steam is at niaxluTum of density, and the quantity of heat 
w contained in the same mass of steam is supposed to be rnnstnnt, 
then, conformably to formula (37), the pi'Ciii»ure is a iuncUoa 



• Po^^r.. Ann. d. Physxk, Efginsangsbaad ii. p. 183. 

t Ibid. vol. \ix. p. 446. 
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of the temperature only, viz. 

1 P /(^)-tp 

If we take the total differential of the right member of eqa»» 
tion (37) in a case where w ie oonstantj then it must be =0 ; 
we consequently get 

^! ^0) ^^ku log ^^d-fikil H- a6) =0; 
bat accordiDg to the formuke (20) and (38) 

which, substituted above, gives 

«.-21^</^=(l-ir«^)^, 
whence follows 

* = ^ , (40) 

This differential equation for the elastic force of steam in nro- 

portion to the temperature, when the steam is at maximum aen- 
sity, is exactly what Baron Wrede has earlier found ; but as this 
formula haa been criticised in Dove's Hepertorium der Physik, 
vol. vii. p. 231, as not being exact, a direct proof of its correct- 
ness, under the supposition of to being constant, will perhaps 
not be uunecessarv. 

It is known tliat Puisson, by means of formula (31)), has proved 
that when the quantity of heat contained in an ac'riforni body is 
denoted by w, then iv must be such a function of p and p that it 
satibfies the di^Fcrential equation 

dw dw „ 

% p, and p having the same si^iiication as above. 
But we know that this equation is integrated by putting 

pdp — ypdp = 0 and dw=0; 

for if the integrals of these two equations are respectively de- 
noted by 

M = a and vf=b, 

when they are supposed to be resolved with regard to the arbi- 
trary constants a and b, then we know that 

G2 
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in which Y[w) denotes aa arhitnury fooetion of w, represents 
the complete integralof the preceding partial differential equation* 
Bat for steam at maximum of density we suppose ii^j and ac- 
eordiugly also F(i0), constant; then M = cuustant ; whence fol« 
Iowa that for steam at maximum of deosity ifMssO, or 

consequently 

If this equation ti compared with the logarithmic difierentiat 
of formula (36), we find 

whence follows 

dp add 

y 

Consequently this appears to me to be at tlie same time an 
iuc imtrovcrtiblc proof of the validity of Baron Wredc's formula, 
and ot tiie correctness of the principle laid down here. 

[As innny of Jottlc's early papers obtained publicity in the Philo- 
sophical Magazine, and as those of Mayer have also appeared in its 
pages, I have thought that the above translation (whicli has recently 
been mn<le for nu) of one of Colding's memoirs (of date IbaO) on 
the same subject might with propriety be inserted in the same 
Journal. There are other papers by Coldiug, of at least equal im- 
portance, which may perhaps dso appear in Englisb.^P* O. Tait.] 

II. Ajrani/ement for the Discharye of long Overland Telegraph 
Lines, By Louis 8cuw£N1)ler^ Esq."^ 

WHEN organizing more regular and instantaneous tele- 
cri iipbic communication between the Presidency towns of 
India, and especially between Calcutta nnd Kuirachee, it was 
observed that (lisicharges occurred sufficieutly strong to affect the 
relay of the sending station, and f?iving rise to the so-cnlled 
"return beats.*' These discharges f, through the relay of the 

* From the Journal of the Asiatic Society fd Bengal, yol. xL pati 2 
(1871)* Communicated by the Author. 

t It is well known tbat*an oreiland tdegmph-Une seti as a Leyden jsur 
m tiie same nsnner sa a submarine cable, hairmg, bon c\ cr, only a much 

smaller capneitv, on account of the insulating layer (tfie air hetwcon the 
telegraph-wire uiul iiurrouudtng conductors) being very thick. But tliou^ii 
the capsdty may be small in comparison with that of any cable, a ii 
evident that a umg^ ireU-insuIated overland line may show nemtbeleu 
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lending Btation, are inconvenient for many reasons; the most 
important of which is, that they arc frequently stronger than the 
singnalling enrrent of a far distant station, and consequently 
throw the relay out of its adjustment, and so make it unfit to 
receive a calling signal from such a station. It was therefore 
ncrcssnr}' to devise some simple means by which these discharge- 
currents could be safely eliminated from the relay of the sending 
station*; and it was found that for termiiml stations a peculiarly 
constructed key an>\\ircd the purpose !)r-t. riu^ kcv, after 
each signal sent, by a propi r a[)plieation of wi il-tLnipcrcd springs, 
makes a momentary contact direct with earth, by which the dis- 
charge of the line is effected before the final contact with earth 
through the relay ia made ; and auch keys were supplied to the 
terminal atations of the Indian main lines, where they have 
worked well. Bat to eliminate the diacharge-carrenta from the 
relays of terminal atations ia of far less importance than to do ao 
from the relays at translation atationa; for it is clear that the 
discbargea in translation stations may not only be inconvenient^ 
bat may momentarily interrapt the line, so that the real signal 
cannot pass on ; and even if they do not cause interruption 
during the whole of a signal, they will, at all events, produce 
points instead of hm-^ at tlie receiving station, thereby causing 
considerable delay and confusion. 

It IS true that m principle the arrangement in use at terminal 
stations might also be applied at translation stations, where the 



vcr^ decided churgcsi and dtMrliarges. I ortunately the charges of the Indian 
mam lines (so long in compartson with the direct- worked Unes in Europe) 
still occupy such n short time ns not tO inflnence in the least ourmaximum 
working speed attainable with the present signalling system (25 to 30 
Hords a minute) ; i. e. a signal sent from Calcutta to Agr:i arrives there 
practically at the very momeiit it ii sent. The discharges, however, affect 
iiMMt seriously our inatruments; and it is therefore onqr this effect that ia 
treated of in the present paper. 

* The method of a station permanently cutting out its own relay while 
sending has never liccn adopted in this country, and I believe also never 
wilt be $ for however ^lerfect lines and instruments, and aecomplisbed em- 
ployees mny be, or may become, it is ahvays highly desirable that a receiv- 
ing station should be nh]r to call in the sending station at any moment 
during the transmission of a mcssntje. 

In India we invuriably use posittve eurrents (or copper to line) for su^ 
nalluigy because they reduce the leakage. By using positive currents for 
signnlTiny? in one direction and negative currents \u the other, and having 
polunzcd receivinj; iustruments, the effect of djsthargcs would be, of course, 
lo far eliminated that the receiving instruments would not actually be 
worked by them, the discharges going in the wrong direction through the 
polarized relays. Ihit this is n had {dan. The continued passage of strong 
discbarges through a polarized relay make it, on account of remanent mag- 
netism, unsensitive, and consequently a continual and most tedious a^ust- 
mentof the receiving relay would be necessitated; this» agsiot would pro* 
duee great ixtegularity in the working of the lines. 
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armatures of the souDdeni, or any other receiving instruuients, 
act as keys ; but there are many mechanical diffienltiea in the 
way, especially the very small play of these armatQres« which 
would make such a method unsafe. It was therefore dceidjed to 
use for translation stations another diseharg^bg arrangementi 
which I will now describe. This arrangemeot consists of a Sie- 
mcns's polarized relay with comparatively small resistance, and 
of a small bobbin of wire acting as a shunt to the coils of the 
xelay, which latter may appropriately be called the " discharging 
relay/* The parallel circuit of discharging relay and bobbin of 
wire is inter})osed between the line to be discharged after each 
signal and the sending battery. 

. The con tact- screw oi' the discharging relay is contiertpd with 
one end of the receiving relay, while the axis uftiie tongue of the 
discharging relay is in connexion with the other end of the ix*- 
ceiviug relay, *. t'. the earth. Such an aiiatigeuiLiiL may be, of 
course, applied equally well for terminal stations in place of a dis- 
charging key ; and as the telegraph circuit for two terminal sta- 
tions is of a simpler nature than the translation drcniti it will 
be clearer to explain the action of thia discharging arrangement 
for two terminal stations working direct with each other^ aa, for 
instance, Calcutta and Agra. 

.The following diagram (fig. 1) will give all the necessary oon- 
iiexious. 

Fig. 1. 




K and R' are the receiving relays, the tongues of whicli, when 
a current is sent, close the circuit of a local battery containing 
•the recen iiig instrument in the usual jiK«nner. 

K and K' are two common telegrajjU keys, r and H the two 
discharging relays, b and b' the two bobbins of wire acting as 
shunts to r and / respectively. 

Suppose Calcutta sends a signal to Agra by pressing the 
kev K on its front contact 1 ; then a part of the Calcutta aig- 
nalling current passes through and, if strong enough, attraeto 
[ the relay tongue, pressing it against the contact-screw S ; and is 
long as contact 1 lasts, contact 8 will exist But as soon as the 
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s!!?nal is completed (r. e. when the key leaves contact 1 and 
makes contnct J? > all thp discharge of the long line would pass 
through the icc( i\ relay Uif contact 3 ceased just before con- 
tact 2 were reestablished. This, however, is not tlic case, because 
by the application of the shunt b, in virtue of which an extra 
current can form itself thri>ugh thecoiisof the discharging relay, 
contact 3 is sufficiently prolonged to cxisL iui a moment simul- 
taneously with contact 2 ; consequently the whole disciuugc, or 
•t leaat the greatest part of it, has time to pass through contact 
8 direct to earthy instead of going through the receiving relay R. 
The same process will, of course, repeat itself at each signal sent, 
and will also be the case when Agra is sending instead of Calcatta. 

Snch an arrangement answers the purpose perfectly at Agra 
on the great and important mainline between Calcatta and Kar« 
rachee, where it has been in use (in translation) for some time. 

It ma^ be mentioned here that it does not at all interfere with 
the maximnm working speed attainable with our present system 
of signalling, namely 25-30 words a minntc. 

The very great prolonging-powt^r of siich a shunt not having 
been known at tiist, it was thonglit neeessary to assist tlie pro- 
longing effect by a tine spring ot' very small play dxed to tlic 
tongue of the discUaryiiKj relay. But such a spring is not wanted ; 
and it is much better to dispense with it, i)ecau8e, however smail 
the play of this couUcl spring may be made, it wdl always in 
some measure lessen the sensitive adjustment of the discharging 
relay. 

Fig. 



c 

sT 




sL C 



As it was evident that the prolonging effect of the shunt must 
greatly depend upon its resistance (supposing the resistance of 
the discharging relay and also all other circumstances were given), 
the following investigation was made In order to ascertain its 
amoont. 

Fig. 2 fepresents the simple circuit as obtained from fig. 1. 
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Two bobbins of wiio, r and arc connected paruUci lu tlic two 
poles of u buttery, K, tlie circuit of vvhich may be closed and 
opened at will by a stopper, 1. Only one of the bobbins (r far 
instuice) eontaini iron^ which beeomet ft magnet at aoon as the 
battery drcoit m closed. When the drcait is opened the m»g- 
netiitm inr ceases, causing an extra current in (r+^) which acta 
in the same directimi as the original battery current, and conse- 
quently causes tbe loss of magnetism in r to go on much slower 
than it would without such a shunt h ; and therefore, if the mag* 
netism in r were nuidc use of for closing a contact, 2, this con- 
tact would be Bomewbnt prolonged by such a shunt. Conse- 
quently the question to be solved is, what must be the resistance? 
of this shunt, siippo^ivg r and rvcrv tiling else were given, iii 
onlfT to make tlic ic iuaneut magnetism a niaxnnum, i. e. llm 
prolonging effect ot the shunt as regards contact 2 greatest. 

That for a given r a certain b docs exist for \Yhich the extra 
current, or its equivalent the remanent magnetism, i? greatest 
follows simply enough. Suppose, for instance, ilic resistunee of 
the shunt b were infinite, which is the same as having no shunt 
at all, then no extra current would exist, though its cause (t. f . 
the magnetiam produced in r by closing the battery circuit) 
would be greatest. On the other hand, if the resistance of the 
shunt b were taken as infinitely small, then (though there would 
be the best possible channel for an extra current) no such cur* 
rent could be established, because no original current would pass 
through r, and therefore no magnetism in r could have been de- 
veloped. Knowing, therefore, tliat for A = qo and for b—0 the 
extra current is =0, it follows that there must be one or ni(>ie 
values of & between these limits for which the extra current is a 
maximum. 

However, the function by which this extra current (or, better, 
the remanent magnetism in r) is e.\])ressed is of such a nature 
that it has only unc raaximnm ; and this can ensily be calculated, 
since all the laws deteniHiJing ii are perfectly known. 

In fig* 2 we will designate by r the resistance of the bobbin 
producing the magnetism (which in the discharging arrangement 
represents the resistance of the coils of the diicharging relay) ; 
and for brevity we may suppose that the whole resistance between 
the points p and q through r is used for producing magnettsui. 

Suppose also : — 

fi the number of convolutions in r; 

« the resistance of the bobbin acting as a shunt to and ex- 
tending between p and q ; 

E the electromotive force ])roducing the original current ; 

/ the resistance between the poults and q through the bat- 
tery including the resistance of the battery; 
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thus tbe carrent C which passes tbrough r when 1 ib closed is 

C=E - - - -> 

and coosequeotly the magnetism m developed iu r by C is 

, , T , nx 

and supposing the conductivity of the wire filling the given space 
of bobbin r constant for any diameter whatever, and neglecting 
the thickness of the necessary insulating covering of the wire in 
comparison with its diameter^ wc may substitute for ii thc.value 
It a constant v^n 

The ceasing of this magnctisDi after the battery circuit has 
been instantaneously opened at 1 must be considered the cause 
for producing an extra current in the closed circuit (r -f a:), which 
extra riirre?it in its turn reproduces ma2;nctism in tlic iron bar 
in the coil r. This whole ])rocess, of course, occupies time, 
however short it may be, and goes on '<tt adilv. l^ut it will 
lead apparently to the same result for our purpose if we suppose 
tljat the cessation of the original magnetism ])roduces iustanta- 
neouily the whole extra current, and that the extra current (or, 
better^ an average value of it^ since it is variable as regards time) 
is used for producing fresh magnetism in the iron bar of the 
coil r. Under these circumstences it is reasonable to take a 
pi o{)ortionalqusntity of the original msgnetism as the new elcc<> 
tromotive force for producing the extra current C in the circuit 
with the resistance r-f 

Therefore we have 

C'=E const. _ , I 

and this expression, nudtiplied by the number of convolutions », 
gives us the remanent magnetism or, as »= const, y/r, 

jb'ssB const. -777 — . — TT — ; — \' • • • ff*) 

Now it is evident that the prolon^^uig effect (i. c. the time 
during which the bar of iron keeps perceptibly magnetized after 
the instantaneous opening of the battery circuit) must increase 
with 7/t'; and consequently by making v* a maximum tljc pro- 
longing effect of the arrangement must also be greatest. Taking, 
thmfore, in the above expression for m', x only ss vsriable, we 
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oorretponding to tHe nuximnm of m. 

In the applicatioQ to a long overiand line^ / repreaenta the line 
xesiatanoe, including the reaiatanee of the aending battery and 
distant receiving relay, while r ia the reaiatanee of the coila of 
the diacbarging relay. 

In order to weaken as little as poaaible the aignalling corrent 
by the introduction of such a discharging relay, we take uaturally 
r (its. resistance) only so great that a given electromotive force 
(as is generally used for signalling through the line) will work it 
with salcty through the given line rtsistance; and if the di»char- 
ging relay is of ^ good construction, this r can always be neg- 
lected in comparison witli /. 

Therefore wc have from Ibrmula (IL), 

a:=r. 

Off to make the prolonging ejject oj tlut shwU a maximum. Us 
* WehavQ 



where 



i' 2a-(/+r) 2 dm dS 



and 



i%liich IS always negative for a positive value of x. 

The fooction m' (formula I.) is to be considered as rcprcsentai^ Lbe re- 
^manent mngnetiam in the closed circuit (r+x), no Bsatler by which of the 

two coils tlio Tnngnrti>m !> prodiun d ; tliiis vi* w.w^t nccpssarily be symme- 
trical as regards r ami x. Wux iug srlcctcd one of the two roils by 
which m' (the remanent niauucttaiu) ia to be produced, it is at oiicc lixcd 
wliieh of the tno coils must oe taken as variable in order to And the maxi* 
nmm ol" xi'. If, for instance, r is taken as the coil developing m', while x 
arts OS sliiiut only, ucithd- pro<luc:u!j^ extra current nor magnetism, then 
the shutilj iiuiiit be tiikeu aM variable, and not r, since otherwise (actor 

r 

would have to be differentiated, giving thut value of r which represents a 
*maximuni of m' developed by juvt the case to be avoided as nueh as 
possible. 
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rentianee mu»i be equal to the resistance of the eoiie qf i&e dis- 
charging relay. This law will hold good for any long overland 
telegraph liiie ; and it is only for along line that such a dischar- 
ging arrangement is required. 

As regards the absolute value of r, it was found that 200 
S. units, using a Siemens's polarized relay, were quite large 
enough. Such a relay works safely with 30 Minotti's cells 
through 10,000 S. units. 

The jjliLiut itself, even without iuiving uoa in iL, produces an 
extn corrent which is in the same direction in the shunt as the 
primarv eumnti and consequently opposes the extra corrent pro- 
daoed by the coil r in the closed circuit (r+x). 

In order to havcj therefore, the action of the coil r not too 
much letaened by the extra current produced by the shunt, it is 
necessary to make the latter of the thinnest possible German- 
silrer wire, and wind it on a large bobbin with the convolutions 
is far distant from one another as possible. Another method 
would be to wind the bobbin bifilarly. 

In conclusion I may mention that tlie longest main line in 
India is the one between Calcutta and Kurnicliee, 1700 miles in 
length, which has been worked direct now for more than two 
vcars," — Agra (which is about at the middle) only in tninslation. 
l)uring the dry season, when the lines up country often have an 
insulation of more than 200 millions S. units per mile, it is pos- 
sible to work this enormous distance altogether direct without 
in translation ; but practically nothing would be gained by 
thiS| since then, on account of the great length, the charge be- 
comet so large as to reduce the speed to less than fifteen words 
a minute^ while by having Agra in translation the speedy if only 
the signalling system womd idlow of it^ would reach to upwanu 
of siity words a minute. 



Note, — Mr. A. Gappcl, in his report on the Central London Office 
of the Eleetrie and Internationsl Telegraph Company, states that a 
shunt in connexion with an electromagnet for discharging one of the 

cables was made use of as early as 1867, r n I was announced to him 
by Mr. Culley as an invention of one of the t di graph clerks. This 
appears to be Uie first apjilicatiou of the extra eurn nt for this pur- 
pose ; but I am not aware whether this simple principle has since been 
used for overland telegraph lines. 

Mr. Cappel says : — "The duration of the rine current (necessary 
to neutralize, after each signal sent, the positive discharge of the 
cable) can be regulated by varying the resistance of the shunt ; but no 
definite law or condusion has yet been arriTsd at on the sabjecU" 
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nr. On the AjipUcntion of a new Intejffralion of Differential Equa^ 
iton» of the Second Order to some unsolved Problems m the Cat* 
euhs of Variations. By the Rev, Professor Cbalus, MUL^ 
FJLS., 

BBFOBE stating tbe principle of the proposed new integra- 
tion, and applying it in an example, it will be proper to 
direct attention to the following two Lemmas 

I. The formula may express the area of any curve between 
assigned limits of the abscissae, whatever mav be the origin and 
direction of the rectangular cooi-dinates, and whether y baa one 
or more values for a given value of x, provided always the intc« 
gration be taken along consecutive points of the curve. 

(V di/^\^ 

II. Under precisely the same conditions if 1 4- ^ J ^ may 

express the length of any curve between assigned limits of the 
abscissa, the radical being always taken with a positive s^m. 

To exemplify the first Lemma, suppose (he curve to be a 
circle situated within the quarter for which the signs of a: and y 
arc both positive. Theu if we begin the integration with the 
less of the two oidinatcs correspoiuliiig (o a g;iven abscissa, and 
proceed along con<( rntivc points of the curve in the direction of 
the movement ot the hands of a watch till we nrrivc at the ex- 
tremity of the other ordinate to the same abscissa, the integra- 
tion between thr?e limits will be the segment of the circle cut 
off by this orJinate, For the integration from the given ab- 
scisiia to tlie niiiiinium abscissa is negative^ because through 
that interval dx is negative; and the integration from the 
minimum abscissa to the given abscissa is po&itive, because in 
the return direction da is positive. Also the positive area is 
made up of the negative area and the above*mentioned segment 
of the circle, so that the total integration gives the area of the 
segment. 

The same principle applies, however complicated the curve 
may be ; only to effect the required integrations it is necessary to 
obtain all the real values of y correspondmg to any value of 
either exactly or by approximation, n& explicit functions of x. 

If it be required to calculate tlir nrea enclo«fd by a portion of 
the curve having' its extremities at given points and the chord 
joining the j)oint8, the same rule n]>plies, if, after integrating 
from one point to tlic other, the integration be continued alvny 
the chord to tlie iirst point. 

\\ ith respect to the second Lemma, it is ( nly necessary to 
remark that when the integration is taken along consecutive 

• CoBimniiicated by the Author. 
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points, the radical and change sign together, ao that 

0 alwa^a liic iuijQc sigu, wliicli wc niay assume 

to be positive. 

EKactly the same considerations applVj mutatis mutandis^ if 
the cun'e be referred to polar coordinates ; and in the case of a 
closed curve the pole may be at auy poiut either within or 
without it. 

The foregoing Lemmas, which ought to be introduced into the 
Eleiueiitary Ticatiacd on the Integral Calculus, i siij)pu.sfd to 
be new, until it was pointed out to uic by Mr. Tudhanter on my 
submitting to him Lcnuua I., that m his ' History ot the Cal- 
cnloa of Variations * (at t. 139) an application of the method of 
integrating along consecutive pointa of a curve ia recorded aa 
having been made by M. Delaunay in a memoir pnbliahed in 
1843. It ia evident from thia account that M. Delaunay pro- 
duces the method as a recent diaeovery made by himself; but 
the principle of it is not stated by him aa generally as it might 
be^ no mention being made of integrating along achordj or with 
respect to intenecting portions of different curvca. 

My purpose also requires a few preliminary remarks to be 
made rcspceting the principles of the Calculus of Variations, 
The elementary ti ratises on this branch of analytics give n me- 
thod of obtaining a differential cfiuation on the integration of 
which the solutio?! of the proposed problem depends, liuttliey 
do not usually take into accoimt that, as in all problems involving 
two variables x and y it is abstractedly possi})le to treat the va- 
riations hx and dt/ as indcpcndciit; and to ublam two difi'eren- 
tial equations, one of these is just as much as the other entitled 
to be applied in the solution of the problem. Similarly, if there 
are three variables z, three equations, all applicable to the 
problem, are obtainable* (Thia method of treating the Galculua 
of Variations is given in Francceur'a Mathimatiques Ptmt, 
tom. ii. 2nd cd. art. 885.) The possibility of obtaining more 
than one differential equation is a significant analytical cireum- 
atance which cannot be overlooked without restricting the ap« 
plications of the calculus. When there are only two variabkair 
and y (as is supposed to be the case in all the subsequent rea« 
soning), it may be shown in the usual manner that 

(a.-,^){N-(S)-(g).^=o, 

the differential coefficients being put in brackets to indimtf^ that 
tlicy ai-c complete (see arts. 8 and 9 of (he "Calculus ot Varia- 
iions " in Airy's 'Mathematical Tracts'), llenee, if the pro- 
blem involves no relation between By uud Bu:, we have, putting 
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A for the quantity in brackets, with equal rea&on 

A=0, and Ap^O, 

If it Miiirht he assumed that these are identical equations, it 
wouul suffice to integrate (inc of tlicm But, in fact, although 
in some instances hot}i arc inur.Ldiately iutcgrable and give 
identical relations between x and y, in others only one, or 
neither of the two, is inimediately integiablc ; and it cannot, 
therefore, be antecedently aftiruied that ihey arc idcutical equa- 
lions. Uenee it is necessary to take tccount of results dedo- 
ciUe from them either tcparatelj or conjointly. I propose^ firsts 
to adduce in instance in which the integrals of tne two eqaa« 
tioDs are identical. 

Problem I. Required to connect two fixed points by a canre 
of given length so that the area bounded by the cune, toe or* 
dinates of the fixed points, and the axis of abscissae shall be a 
roaxiroum. 

According to Lemma I. the area thus defined is equal to 
^ydx taken from the abscissa of one extremity of the curve to the 
abseissa of the other ; and by Lemma II. the length of the curve 

Si j»^<&r between the same limits, j2 beiug put for ^« 

Hence by the Calculns of Variations, a being an arbitrary eon* 
stant, 

Putting V for the quantity in brackets, we have 



Hence 
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Consequently Adx^dx^d . Jl^^^ssQ ; and by integrating^ 

Hcnce^ by integrating again^ 
Also 



a 
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aud integrating again, 

Thus ia ibis example Xi» aad Apix are both exact difTerai- 
tials, and the intagrations give the same reault^ tIs. the eqna- 
tion of a circle the radioa of which ia a, and the coordinates of 
the centre — eand —tf. These three arbitrary quantities are 
always detnminable from the given conditions, provided the 
giTcn length be leas than the straight line joining the two pointa. 
Hence in all cases the required line ia an arc of a circle tenni« 
nating at the iriven points. 

Mr. Todhuntcr states (art. 300) that this problem is discussed 
by Lcgendre, and aUo by Stcgn.ann in a work published no 
longer ago than 1854, and that these two geometers arrive at 
the same result, viz. that the required line is in some cases a 
circul.Li- arc, and in otlur cases is composed of a circular arc and 
one or two straight lines. The foregoing solution proves that 
this conclusion is erroneous. Mr. Todhuuter has failed to 
notice that 'the error is due to not reeogniiing the principle 
integrating with reapect to conaecntive pointa of a curve 

Problem II. Required the minimaro surface generated by the 
rerolution of a lino joining two giren pointa in a plane passing 
through the axiaof revolution. 

According to th e princ iplea already laid down^ the surface ia 
ff^w^9 or y2w\/I ^p^dx, whatever be the form of the line» 
and wherever in the plane the given points be aituated^ if the 
integration be supposed to be taken along conaecutive pointa of 
the Tine. Hence, by the Calculus of Variations, 

and VssyVl -i-p*. Consequently 

Tberelore 
and 

^ v/l+p« (l+p*)^ 
Hence, by integrating, 

which, as is known, is the differential equation of a catenary 
having ita directrix coincident with the axis of revdution. It 
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would seem, therefore, to follow that the condition of a ninHuiuin 
cau ahvaya be satisfied by u catenary so situated. But on trial 
this is not found to be the ca.se. Mr. Todliunti r states (' Hist, 
of Calc. of \'ar/ art. 308) thai ihia piubltju was the subject of 
an easay by Goldschmidt which obtained a prize in 1831^ in 
which " the concluiiioii is, that soroetimet two sttch catenaries 
can be drawnj sometimes only one^ and sometimes no catenary/' 
The same problem ia discussed at considerable length in arts. 
102^105 of the Leqons de Calculdet Variations by U\[,hmdt]oi 
and I'Abb^ Moigno, and a similar conclusion is arrived at. In 
fact, this appeal^ to be a diwontinuow aolni'ion of the problem. 

Yet it is certain that there can alw ays be drawn between the 
given points continuous curves which, by the revolution about 
the axis, generate surfaces of different magnitudes ; and as the 
descending gradations of magnitude cannot go on indeHnitely, 
there must be a limiting minimum surface, the form of which 
should admit of being determined by the Calculus of VariRtions. 
The })urpose of the ioilowing investigation is to show how this 
niay be done. 

First, it may be rciuaikcd tliat the present problem differs 
from Piobletu I. in the res|)cct that AUj: is not, as well as Xpdx, 
nn exact differential. This is one reason fbr concluding that 
ApsO and AssO may not be used indifferently as if they were 
equivalent equations. Another reason is^ that the above first in- 
tegral of Ap=0 does not satisfy AsO and A/isO in the same 
manner. For by substituting cV^X+// for y in the latter 
equation, we have 

which is satisfied if;) = 0, but not if /) = infinity; and by sub- 
stituting the same value of y in A=0« we get 

which is satisfied if p— infinity, but not if /? = ^, the vAwc of c 
being arbitrary. These considerations point to tlie eonelusiou 
lliat the solution of tlie prublcui can be effected only by taking 
into account an {ndijiciu/cuf integration of A = 0. 

Such an integration 1 proceed now to obtain by a mctliod 
which, as far as I know, is new. The method consists essen- 
tially HI lirst hnding, when it is possible, the evolute of the cun'c 
or curves of which A=sO is the difierential equation, and then 
employing the involutes thence derivable, which may be regarded 
as the solution of the equation, to satisfy, either by computation 
or by graphical construction, the given conditions of the problem. 
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Let a.^, 1/ be tlic coordinates of that point of the evolutc which 
is the Centre of the curvature at the point of the involute wiiose 
coordinates are x, y. Tiieu we iiave the kaowu eqoatious 

Since the eqaaiion A«0 gives 1 ^p^s^y^ it follows that ^=2y^ 
and Consequently^ because |»= — we obtain 

Therefore 



d^ <hil _da[ 



again^ 



Hence it will be readily foimdj putting p' Sot that 
which equation gives^ by integrating, 

k being the aibitrary constant. Consequently, by iiitegiuliug 

■^*^.±r,($-i)'-H^±(?-.)'). . (.) 

which is t]i( iqviation of the evolute. From this equation the 
differential equation of the involutes may be found as follows : — 

Hence 

Conteqnentljr* tince «'«ar4-/'(y— 3/) «af+;>(y— /:\/l we 
get by snhstitnting in the equation of the evolute, 

Thia is the required equation, which, as might be inferred from 
the reasoning, embraces idl the involutes of the curve wliose 
equation is («)• It will^ however^ he proper to substantiate this 
inference by independent reasoning; which I now propose to do« 

PAi/. S. 4. Vol. 42. No. 277. Jtd^ 1871 . D 
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Firsts it is to be remarked that if, by the process employed 
above, we bad deduced tbe equaUoo of an evokte from Ap=0, 
we ihoold equally have been conducted to tbe equation (a), 
becauw tbe factor p would bave made no diffierenoe. But in ibia 
caae, since Ap^O is at once intflgrable^ we know tbat tbere ia 
but one involute, namely tbe catenar y wboae equation^ as obtained 

by tbe integration of VT+j?, is 

x+c'=clogg+Y/^*-l). 

By substituting ^I+p for tbis equation takes tbe form 



a:+c'=clog{^l-fy>^ f;0- 
Now, on comparing tbis result with it will be aeen tbat tbe 
two equations are identical >^ 2~*^ ~i>y-|- V^l-f/>^=0. 
But tbese equalities give at once tbe foregoing equation 

which shows tbat tbe integral of A;j=0 is one of tbe evolutes 

embraced by the equation (;S) . This being the case, it is easy 
to deduce from that integral a differential equation embracing aU 
the evolutes; which, if our reasoning be p^ood, ought to coincide 
with the equation {^). 1 proceed to vcnlV this conclusion. 

Let i/i be ihv coordinates ot any point of the catenary 
whose equation, as ubiumed by integrating Ap^O, is 

*,+«'=elogg - l)=clog ( V'l+ii/'+j*^. 

Then if y be tbe coordinates of the point of intersectian of 
finy other involute by the radius of curvature of the catenary at 
tlie jioint T^?/ , or by its prolongation, and if A be the constant 
interval between the two curvesi we shall have 

hp. . . h 
^*^<+ -^rT^* J^^y=¥i 



Also^sincey » e^l itfollowstbat Aesc(l — y V 
Hence 
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ConaeqaeiiUy by substitatioOf since 

m-^-^^cp V'lHf^— ;>y+elog ( s/T^-^p), 
wbich equatiou \a uleutical wiib(/8), it having been already ahowa 
Uiat I si;. 

If the equAtioQ (/3) wore integrated, an additioiuil parameter 
would be introHnccd ; and from the forcij^oing rcasoiang it fol- 
lows that, by giving different values to tliis parameter, c and d 
remaining constant^ the equations of all the involutes might be 
obtained. Bat here an analytical circumatanoe must be men- 
tioned the significatkm of which will require jmrCieular oonaide* 
ntknu The complete integral of the equation (yS) will contain 
l/lnt arbitrary conttanta, and thciefore cannot be the integral of 
AssO, which ii of the second order. It can, however, be shown 
aa fbllowa that the differential equation resulting irom the elimi- 
nation of the three oonatanta ia verified by the equations A=0 

atid — s=0, the luLttr oi which u true anal^ Uciil euuat:qucuce 

of the other. 

For by differentiating the equation (^) to get rid of the arbi* 
trary constant d^ we obtain 

or 

v"! +P _^ y 

Differentiating the last equation to eUminate the result ia 

(1+^)1' 

r being put for ^« If now the value ot y be deduced from the 

equation A=0^ and the value of r from ^ sQ (A=0 being 
taken into aooonnt), it will be found that 

I+J>' J V^t 
0a — i-, and r» 

But these values of q and r» being substituted in the equation (7)^ 
cause it to vanish. The inference to be drawn from this result 
isy that the integral from which the equation (y) was deduced, 
although it is incapable of directly satisfying the equation AsO, 
may atdl be regarded aa a solution of that equation, inaamuch as 
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we have thown that the equation (7) may he verified by ncaoa 

of the equation A=:0 and its dehved equation ^ Th^i 

int^gnl nay oooaeqvantly he applied in the aolation of the pio* 
poaed problem* 

What ia gained by thu pfooeaa ia^ tintan additional aibitfity 
constant ia available for latisfying the given conditions of the 
problem. The integral of kp^O fiuls to give the eomtmnumt 

solution becaoae it contains only two arbitrary constants. The 
required curve might either be described by first constructing 
the evolute from its equation and then unwinding from it a 

cord of arbitrRry length, or by constructing tbf catenary 2;ivcn 
by the equation A/> = 0 luid llien drawing a curve distant Irom 
the eaten a IT at all points by the same arbitrary interval. As I 
do not think it necessary to enter at present more into detail 
respecting the application ol thi nrw integration to this instance, 
1 siiall liuw proceed to apply it to another problem. 

Problem 111. Kequired the maximum solid of revolution of 
given anperfietes, the generating line of the aorfaee being sup- 
posed to join any two given points in a plane passing through 
the aiis of revolution. 

In the usual enunciation of thia problem the two points are 
anpposed to be in the axis of revolution. But according to the 
pnnciple of integrating along consecutive points of the curve, aa 
stated in the Lemmas at the beginning of this communication, 
the process for finding the required differential equation is the 
same wlicrevcr the given points be situated, the coordinates of 
their positions corning under considtrnttoii m\\v in drtrnnininir 
the limits of the integration. This jirobieni has hitherto not 
been generally solved even for the case in which the given points 
arc on the axis. I j)ropose to apply to it a treatment precisely 
analogous to that employed in the preceding problem. 

We have in this example to lind a relation between x and y 
which shall satisfy the condition 

— 2fl being an arbitrary constant taken for convenience with a 
negative sign. By the usual rules of the Calculus of Variations, 

ITcncc A=0, and by consequence A/? =0. I shall not have oc- 

casion to refer to the diTontinuous solution which mathemati- 
cians have el u lied f rom the latter equation, my sol** object being 
to discover a solution by a coniinuou$ line joinmg the two points. 
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whicby from eonsidentions aiialogoua to those adduced in the 
|irecedin^ problem, may certainly he j^ronounced to be possible. 

First it is to be rcmarlvcd that here, as in the last ])roblein, 
Apdr 18 an exact differential, while Ada is not, and conscfincntly 
that the conations A/?=0 aud A = 0, not being equivaieut, 
uust both bo takeu into account. From the former wo bave 

Hcuoe, by integration, 

ft* being the ariHtmycooitaiit. Conacqaenlly . 



This equation cannot be exactly integrated; but MM. Deluuiiay 
and Sturm have proved {Joanud de LiouvUle^ vol. vi. p. 315) 
that the curve it represents may be described by the locus ot an 
hyperbola which rolU on a straight hne. It^ form can therefore 
be asoertained withoat difficulty. But on doing this it ia found 
tliat the curve is incapable of giving a solution of our problem, 
whether or not the given pointa are on the axis. It baa, however, 
been shown by Mr. Todbunter (Hist, of Calc. of Var. p. 410)^ 
for the case in which the problem ia to find the greatest solid of 
revolution of given superficies, the generating line of the surface 
consisting of ordiuatea perpendicular to the axis at two given 
pointa and of a curve connecting them, that the form of the 
curve is given by the integral of the above equation, and that 
the two ordinates are eqnnl and join on to tlie curve continuously. 
But the general problem under consideration requires for its so- 
lution an independent integration of A = 0. 

In order to effect such an integration, 1 shall proceed, just as 
in Prublenr II., todnluce from A=OtlH" t'f|uatiou of the evolute. 
rutting p for tiie radius of curvature, tlic equation A=sO gives 



Alao 

y 

CpDscquently 



1 _ ^ (\^^\ 

^ 9 vTiy pr 
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Again, 

because pp'-vl^O. Ucoce 



Bat 



and 

Consequently, by substituting. 
Now 

because dp^tsdaf* + Hence it will be readily seen that 

This equation gives^ by iutcgration,/9*-*2ap=— Jty'*^ A being an 
ai'bitrary constant ; and by solving the quadratiej 

TheUj siucc 

dp = y/di^+ 

it follows that 

which is the difTerentiul equation of the evolute. If b aud c be 
respectively the values of which satisfy the equation a^ — ki/*=sO 
and {i^-^kyj/^-^a^siO, the equation may be put under the form 

llcuco it is evident that the vuliu s of ?/ all lie cither between 
+ d and +c, or between —5 aud — c. The least value c of y' 

belongs to a ctup, because it makes ^ infinite ; also the eunre 
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is symmetrical about tlic Tiiaximum ordinate b. In «^}iort, the form 
of the carve resembled tiiat of a cycloid at a certain distance ^oju 



_2 

the axis of abaeiane. If we put a* for I— and e^ain^^ for 
1*- the equation ia tnuuformable into 

""(l-«»8in«^)* 

which may be integrated by elliptic functions. Thus it is always 
possible to describe the evolute. It remains to be shown tliat the 
curve which solves the proposed problem ia one of its involutes. 

Beauming the eqaation (5)^ and aubatituting in it for 
and for ^ ita value ^(2a— we obtain 



a 

P = 7^ 



Aa tbia equation containa it ia of the second order, and ita in- 
tegral will involve two arbitrary constants in addition to k. That 
integral cannot, therefore, aatiafy A=0, which ia of the second 
order. But it ia important to remark that the eqaation obtained 
by eliminating the three arbitrary constants is aatisfied by the 

values of g and r deduced respectively from A=0 and ^=0. 

It is evident that the equation resulting from such elimination 

is obtained by simply eliminating k by differentiation from the 
foregoing equation ; wliich is to 1h' dune as follows. 

By solvinir the e(iuation as a (luadratic with re.sj)eet to nnd 
pattmg for the sake of ahoi tue<is for 1 -f it will be seen that 



wiiichj ainoe P= ''^^j, may be put under the form 

if tbia equation be differentiated to get rid of the result will 
be a complicated equatbn containing y, p, p, and Now I 
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have luuad by a somewhat long "process, which it wouJd be 
tedious to give in detail here^ that by subatitating for p and 

from the equations A=0 and that equation is satisfied. 

It is to be noticed that it is not satisfied d A = a constant; so 
that this equation of the third order is not identieal with ^ sO* 

Since it is necessary to employ both AbO and for its 

vcnlication, the integral from which it was derived may be con- 
sidered to be a solution of the former equation^ and therefore 
proper for being applied in the present problem. 

The same equation (5) of the e?olute would have been obtained 
if we had employed ApszO instead of AsO. Hence amonii; the 
involutes obtained must be included the particular one resulting 
from the integration of the former equation. In fact, the pru* 
rcBs may be so conducted as to lead exclusively to that involute. 
For this purpose it sufiiccs to substitute for 2a— p, in the forc- 

going expression for^ , Us value —,3- — so us to ouLaiu the 

result 

which only differs in form from the first integral of A/»sO. 

Just as in the solution of Problem the required curve may 
be described either by unwinding a cord from tne evolute given 
by the equation (3), or by drawing a curve equidistant at all 

{loints from that given by the integration of ApsO. The simi- 
srity of the processes in the two instances is some evidence of 
the coiTcctness in principle of the new method of integrating. 
I have not leisure to discuss in more detail the solution of 
Problem TIT., nnd shall only add that when the two given points 
arc on the axis, if the length of (he curve be not much greater 
than tliL! distance between them, the solution shows that its form 
is iilce the are of a bow ; but if much greater^ that the form ap- 
proaches that of a circle. 

I think I may say tluit 1 have at length succeeded, after re- 
located iailurcs, in removing iroui anal) tics the reproach of being 
incapable of solving this class of problems. Perhaps the pecu- 
liarity of the requisite process may account for its being so long 
nndiseovered. 

Csnbrid^, June 1/, 18/1. 
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IV. An Inquiry into tJw Cause of the Interrupted Spectra of 
Gnseif, — Part II. On the Absorption- sj}€ctrum of Chlurochromic 
Anhydride. By G. Johnstoxe Stoney, M.A., F.R.S., Se* 
cretary to tlte Queen^s University in Ireland, and J. Emeuson 
Ubynolds, M.R.C.P.E., Keeper (f the Mineral Departments 
and Analyst to the Royal Dublin Society*, 

Section I. Introductory. 

Se^OQ II. On the periodic time of one of the motioas in tlie molecules 

of CUorochromic Anhydride. 
SeciioD III. On the chanicter of this molecular motion* 
Section IV. On thv ])crturbationt which it suSSbii. 
Section Y. Conclusion. 

Section I. Introductory. 

1. /"^NE of the authors of this communication endeavoured f 
in 1867 to call attention to the circumstance that 
wlifiever the spectrum of a gas cooM-t-, of lines of deJinite wave- 
lengths there roust he periodic muii i s in the gas, and that mo- 
tions of this kind can exist only witliiii the individual molecules 
of the gas; and more recently J he has pointed out that from 
each periodic motion there will usually arise seferal lines^ and 
that the lines which thua result from one motion will have periods 
that are harmonics of the periodic time of the ])arent motion. 

2» In our endeavours to bring this theory and its various con- 
sequences to the test of ohsen ation, \\ e commenced with absorp- 
tion-spectra, for the examination of whidi the apparatus at our 
immediate command was hest suited. The apparatus consisted 
mainly of the great Grubb spectroscope of the Royal Dublin 
Society, and of tlie appliances in tlio labonitory of the Society 
for keeping up an abundant supply of the oxhydrogen limelight. 

3. The chief obstacles wc anticipated were those that arise 
i n in the extreme closeness with which the lines are often found 
to be ruled, and those to be exj)ccted from the complexity of 
spectra; for usu.illy lines belonging to several distinct systems 
are presented together to the eye within the hanic iitld oi' view, 
and this makes an apparently confused maze of lines, from 
which it is difficult to ])iek out those that are to be referred to 
any one motion in the gas. Accordingly, as a preliminary step^ 

* Comiuunicatcd by the Authon, having been read before the Royal Iiiab 

Academy, Jvine 12, 18/1. 

t Phil. Mag. vol. xxxvi. (1868) p. 132. 

X Phil. Mag. vol. xli. (1871) p. ^1, and Proceedings of the Kov&l Irish 
Academy of January 9, 1871. Report of (he British Aasodstion m 1670, 
pw41. 
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we looked iit several of the absorption-spectra of coloured vapours, 
to see whctlior amons^st ilieni we could find one in which there 
is a system of lines which we might hope to refer to a single 
motion in the molecules of the vapour^ free from lines emanating 
from other motions in the moleculea of the vapouTi and anffi- 
eiently separated from oue another to be easily meaaored. A 
few days after we commenced operattona we were ao fortonaCe 
aa to meet with the object of our search. The brown vapoora of 
ehloroehromie anhydride (CrO*Cl*) when interpoeed pelween 
the lime-light and the apectroaoope gate a spectrum of the re- 
quisite simplicity. 

4. In order to test that part of the theory which indicates that 
the periodic times of the wave-vibrations of the several lines are 
harmonics of one periodic time, we lind it convenient to refer 
the positions of all lines to a scale of reciprocals of the wave- 
lengths. This scale of inverse wavc-l('nu;ths has the great conve- 
nience for our present puq)Ose, that a system of lines with 
periodic times that arc liarinonics of one j)criudic time will be 
t'ciuidisstant upon iL ; it has also the minor convenience that it 
muck more closely re^mbles thCoSpectrum^assecn^tban the scale 
of direct wave-lengtha used by Augstrdm in bia claaaic map. 
Upon our acale the inverae wave-length 2000 eorreaponda to 

Angstrom's direct wave-length 5000. The numbers which 

Angstrom uses arc tenth-metres, e. the lcn;;tiia ublaiiad by 
dividing: the metre into 10'^ parts; and Iroiu this it follows 
that each number upon our scale is the number of light- waves 
in a millimetre : thus 2000 upon our acale means that the corre* 
aponding wave*length is ^ , ,^ of a millimetre. Now, if be the 
inverae wavo-length| expressed upon our acale, of a fundamental 

motion in thesther^ its direct wave-length will be jth of a milli- 
metroj and ita harmonica will have the wave-lengths ~) , ^ &e. 

<w/V OA 

Accordingly Uie inverae wave-lcogth of the nth harmonic will be 

(I) 

Hence it is eiisy to sec that a system of harmonics which are 
equally spaced along our scale at intervals of k divisions arc har- 
monica of a fundamental motion whoae inverae wave-lengdi ia 

whose direct wave-length ia ^th of a millimetre^ and whose pe* 

riodic time is ^, where r ia the periodic time of an undulation in 

the Either consisting of wa\es one millimetre lung. If we use 
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FoMnlfftdatermitiation of the velocity of light, vis. 298^000,000 
metres per eecood, the value of thit coQitant is 

T=3'3557 twelfth-seconds, .... (2) 

meaning by a twelfth- second a second of time divided by 10^', 
which in other words is the miUionth part of the millionth of a 
second of time. 

SbotiON II. On the periftdic time of one of the motions in the 
molecules of Chiorochromic Anhydride. 

5. "We generally made use of the vapour of chiorochromic an- 
hydride mixed with air, and at the temperature arnl ]>n'ssurc of 
the atmosphere. We tried the vajxnir freed from air, and also 
at somewhat higher temperatures ; but in neither case did we 
observe any marked diOerence in the s})ectrum. An inia^e of 
the lime-light was formed on the slit of the spectroscope by a 
Condcnsinp:-lriis of about .30 centims. focus, and of such a size 
tliat the wliolc of the collimatiug-lcus was filled with light*. 
The column of chiorochromic vapour, if not too long f, was placed 
between the condenaing-lens and the slit. The spectrum which 
then presents itself consists of a number of sensibly equi* 
distant dark lines in the orange, yellow^ and green. In the 
orange these lines fade away and leave part of the orange 
and the red unsnbdued by hnes. In the other direction the 
lines are gradnally lost in an incresshig obscuration of the speo- 
trum, which entirely blots out the more refrangible colours. The 
lines are nowhere shai-ply defined or narrow, nor are the spaces 
between them devoid of duskiness + ; and the ret::ion of general 
absorption, which occupies the more refrangible part of the spco- 

* This is a condition which is c-^'-cntt .l to makinti; j^ood nu-asures. If 
only a vertical strip of the collimaiiiii^-'cus is suuphcil wuh hght, the beam 
beloDging to one line in the spectrum readies tne image in toe obeervinff- 
telescope as a tliiu widjrc of li^'Iit, upon which the cje does not readily 
focu» itself. I'niler these circumstanccii the eye keeps contintially altering 
it« a(]iu»tLnuut, fcehng about for the rigltt (li.stHuee ; auil it' the strip Cn 
light has not pasied exactly centndly thmugh the instrument, this eauMs 
the image of the line to appear to deviate \n various degrees from ititnu) 
position, accordingly as tlie adjustment of the eye fluctuates. 

t ^Ye used columns of various lengths, varying from 4 to bO ccutims. 
Fkom 15 to 20 centims. it a good average length. By increasing the lengthy 
tbe lines in the yellow and orange become more conspicuous ; and by dimi- 
nishing it the Hnes in the {^rcen nrc better ^rcn. Witli tbe longest column 
we were obii^d to place two condensiug-kut^cs at the eudisof the tube, one 
to send the Ught from the lime-light in a parallel beam along the tube, and 
the other to condense this parallel beam into an image upon the slit of the 
ipeetroscope. 

X See further on^ § 22. 
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train, seems to con s i s t s n n j • I y of 1 i ues of the same series so widened 
out thattbey arc bli ndecl uito one moss. 

6. For the convenience of rc lVrciice wo have liumbered the 
lines from a conspicuous one wliich happens to fall between the 
two D lines, nearer to the more refrangible one. There are 106 
lines, counting from this line inclusive to a point tomcvliat 
beyond b ; and we have measured the deviations of 81 of these 
in a spectroscope giving a dispersion from A to H of about 24^* 
We have from these measures deduced the inverse wave-Iengtha 

a comparison with the deviations of forty lines of iron, copper, 
sine*, and sodium^ extending over the same range of ^tbe spec- 
trum, nf which the wave-lengths in air are recorded by Angstrom 
and Thalen. The interpolation has been effected by a graphical 
method ; riuI otir mffisures in no case, when repeated, differed 
by one minute ofaicy. 

7. The tirstwlumn of the following Table gives the numbers 
of the several lines which we measured, reckoned from that line 
which lies between the two D lines. The second column gives 
the observed positions of the lines upon a scale of inverse wave- 

lengths in air, viz. upon a scale of the reciprocals of Ang:strum*8 
wave-lengths, which are wave-leu-: ths in air of standard pressure 
and 1 1® temperature. The third column contains the corrc- 
sponduig positions upon a scale of inverse wavc-kncrths invacuOf 
obtained by ap()l) ii)g to ilic numbers of column 'rl the correc- 
tions for the dispersion of air at 760 millims. pressure and 14^ 
temperature, deduced from Kettdcar'a values}. The fourth co> 
lumn gives the calculated positions, on the hypothesis that the 
lines of the spectrum arc equally spaced upon this last scales as 
they should be acoordtog to our theory. And the fifth coluroa 
gives the differences between columns 4 and 3j between the cal« 
culated and observed positions. 

* Tlie xiae-Uae to which Tlmkn nssi<;ns the wsTe-length5745, appears 
rather to have r wnve-lenfrth of nbout h7'''^. 

t The meiuuring-iipparatus of the suectrotiDpe has only r^ntlv been 
completed. It ia apparent to us tbal tne inttruniciit it capable oi wcii* 
•uriug demtioDS even far man seenimtely than mv have yrt attempted. Tliia 
in iVie to the cxtrnordiiinry precision with which >Ir <;n:!)b'* nutomatic ar- 
ruiigeuieiit returns nvcr and over ngnin to the &auie ])os!>ttu)u. It hu, indccdf 
almost luatle of the i>iH.-ctrui$coi>e a new physical lUfttruiLcut. 

t See Phil. Mag. vol. ixxii. (1866) p. 396. 
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TAVtE I, — INintioDd of 31 lines of the absorption .speetrum of 

Cbloroehfomic Anhydride. 
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The outstanding diffcreuccs fall within the limits of the enofi 
of obiervation and interpolation . Ou r theory ia therefore verified 

in the case of chlorochromic anhydride. 

8. Thr interval between two consecutive lines, which wc used 
in calculating- eoUuun 4, was ?-70 ^^ralcin^^, or miits of our scale. 
This value cannot be in error more than one rivc-lumdredth part. 
Hence the periodic time of the parent motion in the molecules 
of cblurochronoic anhydride, from which all these lines have pro* 

cecded^ is within one five*hundredth part of r having the 

signification alaady assigned to it. 

9. Having ascertained k, or the interval between two consecu- 
tive lines, we may by equation (1) detenuuic n, or the number 
of the harmonic. Thus, if the inverse wave-length of our zero- 
line be 1^7*3, and if A be nearly 2*7, n + 1 must be an integer 

lG97*d 

which is nearly = ^^j - =628 6. The onlypossible valaea are 

e^r, 62», 629« and 630» sinee any other integers would carrvua 
beyond the errors of observation. And when the measnres shall 
have been made with snfficient accuracy to decide which of these 
numbers is the true one, it will in turn be possible to fix the 
value of k with great precision. Thus, if, as is most probabfei 
our zero-line ia the G'lHth harmonic, and if its inverse wave- 
length m vaem ia 1697*3, then by equation (1) will 

1 697*3 
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which we offer as probably a very cloae approximation to the 
value of k» 

Section IIL On the character of thig moUeular moiion, 

10. Bttt beside thus determiaing with very great preciaion 
the periodic time of one of the motions in the moleeulM of the 
vapour of chlorochromie anhydride, the atndy of this spectrum 
has elicited other information about the motioQi wliich we think 
ourselves justified in putting upon record, although it isimiierfeot. 

11. It was just before leaving off work on the 28th of January 
flint wc first k)ok(>(l at the absorption-spectrum of chlorochromie 
anhydride, and found that it gives in the greenish yellow aspeo* 
trum of lines arranged m nearly the followmg patterUj 




ench seetioii of the pattern consisting of five lines, a very dark 
one ioliowcd by a vny light one, then two of medium intensity^ 
and then another very light one. 

12. We saw no more upon that evening ; but in thinking ov er 
the pattern afterwards, it seemed to offer some hope that we 
should be able to trace out not only the periodic time of the pa« 
rent motion to which the lines are due, but even some inform** 
tion regarding the character of that motion. In fact the pattern 
seemed to suggest a very simple law of variation of intensity in 
passing from line to line^ vis. that the intensities may probably 
be related in some simple way to the lengths of the ordinates of 
a curve of sines raised from points which divide the interval from 
creat to crest into five equal parts^ thus 




For example, taking the expression for the displacement-curvc 
of the original disturbance in the rrther, which is* 

yasAo+Cjsin (x+«,)+C,8in(2ar+iia)+ • • W 

the requisite condition would be fulfilled in the simplest manner, 
if six successive coefficients (the squares of which represent the 
intensities of six successive lines in the spectrum) had the fol« 
lowing values 

• PhiL Mag. vol. zii. (1871), p. 292. 
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Cn =k sin 0, 
C»+,«*' sin (^+i7r). 



(7) 



C,,.,«Fwii(d+fir), 

C„,3=**Mn(^+§7r), 
C.+,=:A' sin (^+J7r), 

where ^ is some odd number of times and the are coeffi- 

cients which only gradnally change in pMing from line to line. 

13. This at once suggested a displacement-curve consisting of 
a pair of lines repeated over and over^ like the sides of the teeth 
of a saw. For the efj^oation of thia displaoement'Curre is known 
tobe* 

y— 2w2-|^^^^^.ainn^.8inw^ar— ^^J-, . (8) 
And in this equation 



C«= 27r — « - sin n -^t 
n* ft 

which would assume the required form (5) if 

;r, = i7r±2€, (9) 

c being small. The eacpression for C« then becomes 

C„«2ir sin ± ej, 

which would give the observed pattern in those regions of the 
spectrum in which a has such values as make 

fM ^ an odd number of times ^ 

(using the syni}>ol - to signify is nearly equal lo), h'ot these 
parts of the spectrum 

-32w. ^ cosn>^f 

which gives the pattern represented in fig. (4). 
14. Midway between two such regions 

fi€ = an even number of times ^* 

* Eqnstions (8) and (9) taken together repreKOt the motion of a point 
on a viulin-strioifwfaiph it nearly* but not quite^two fifths of the length of 
the %trm'^ from one end. See Uchnholtz't JLeAre voa dm Tonemp^findungent 
edition 18/0, Bcilagc VL 
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which assigus to the correspoading parts of the spectrum the 
lollowiag pattern :— 

.... (10) 

Halfway between the regions (4) and (10) the pattern would be 

. . (11) 

And in general the variation of the pattern in passing along the 
spectrum may be represented to the eye by conceiving the system 
of six ordinates in fig. (5) to travel sideways while the curve is 
fixed. Ill the ])o?itioii represented by the continuous lines in 
fig. (5), the squares of the ordinates represent intensities which 
would give pattern (4). If they arc shifted to the left into the 
position of the dotted lines until c comes to the point of inter- 
section 0, e will entirely disn})pear, a, d, and / will become of 
equal length, while b and c also bccuinc equal but shorter than 
the other three; and in Lliis position the squares of the lengths 
of the ordinates will represent the intensities of lines whieh 
would give pattern (10). And all other patterns which eould 
arise on this hypothesis would be represented by the other poei* 
tions of this system of sis ordinates. 

15. On the 80th of January wc were able to compare these 
anticipations with the spectrum itself; and we had the satisfac* 
tion of finding that changes closely approximating to the pre- 
dicted changes of ])attcm actually take place in the absorption* 
spectrum of chloiorln omic anhydride^ but not at the uniform 
rate of chanprc whieh the simple hypothesis represented by equa* 
tions (8) and (9) would indicate. 

Tlx' resultsof the comparison :t!!' (Mnboilied in the follow- 
ing TaVili', tliL' left-hand side of wlikh m\ rs the observed inten- 
sities of llic liiK^ on Jin arbitrary scale lu \uuch 10 indicates a 
very dark line, and 1 the faintest visible; while the right-hand 
side states what the succession of intensities would he on the 
hypothesis represented by equations (6) and (7). Notes of in- 
tenrogation are introduced when the lines were too much dilated 
for the observation of their intensities. The lines drawn between 
the two columns point out where the observed succession of in* 
tensities of column I. can be most nearly matched in colnmn II. 
The changes are in the main the same in the. two columns; but 
the rate of change follows a law in column I. which has not yet 
been traced out^ while in colnmn II. it is uniform. 
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17. We have endeavoured by modifying this simple hypothesis, 
or substituting another, to gain • doser aporoach to the actual 
phenomena, and we have in this way been able to fit ths hTpo- 
thesis to the phenomena ; but it has been by assumptiona wmdi 
sre as yet too arbitrary to warrant our placing the somewhat 
complicated details before the public. The simpls ease given 
above will sufficiently explain the method we employ ; and wc 
think we have received sufficient encouragement from tli«> resuki 
of our discussion to hope that this method mny elicit m some 
cases really valuable iTiformation nlxuit the nature as well as the 
periodic times of molecular motions. 

StcrroN IV. On the perturbations the motion suffers. 
IH, In conclusion wc wish to advert to one other j)liciioQieiion 
which a])pcars to us worthy of note. Every line in a Bpcetrum, 
in order to be visible, must have a certain physical as well as in- 
striimeutal breadth. By the physical bi cadtli of a line we mean 
that breadth which ii has because the light that constitutes it 
is not restricted to one wave* length, but extends between eefCatn 
limits of wave-length ; bv the instrumental breadth we inean 
that appearance of breadth which is given to a line by the width 
of the slit of the spectroscope. A line becomes invisible if cither 
its physical or its instrumental breadth dwindles to leio*. Now 
the lines of chlorochromic anhydride have a very considerable 
physical breadth . H cnce the original disturbance communicated 
to the aether by the motion in the vnpour consists of waves of 
corresponding physical breadth. This must be occasioned cither 
by n ])roperty inlu rent in thr xtlier, whereby it can expand over 
a certam range of wave-li imtli a disturbance which it receives 
from a strictly isochronous source ; or it is due to real differences 
in the periodic times of the motions in the niok cules of the va- 
pourf. Now the variety of the pbenonienon in the specLia of 
different gases forbids our accepting uny general explanation, 
such as that which alleges a pru})erty of the sether ; and we are 
therefore compelled to admit that the motions in the moleeulea 
of the vapour are not strictly isochronous, but that the periodic 
times of some of them slightly exceed, and of others fall short of 
the mean periodic time. The presumption appears to be that 
the motions within the molecules have naturally a definite pe- 

♦ Phil. Mn-. vol. xxxvi. (1868) § 5. p. m. 

t The iU{i)H>sitiuti that it mfijr be attributed to the irregular journeys ol 
the molecules Bmonfiiit one aiiother» which must in some cases lengthen 
and in other eases sburtcn the intervals at xUiich the light-waves reach the 
eye, is excluded i 1 1 Iiy the nmonnt of the ctRct (wliidi is beyond what tln^ 
cause could produce), and (2) by the circumstattee that lines sitiuited in the 
same region of the spectrum are variously expanded. 
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riodic time, ]>ut that this period is exposed to perturbation when 
two molecules pass sufficiently close to one another, and that 
(luring the intervals between two penheiion passages it settles 
down towards its mean value (Phil. Mag. vol. xxxvi. (18G8) 
135). The perturbations, as a rule, seem to take place in 
th directions, »ome of them increasing and others of them di- 
niiiufllimg the periodic time ; for in most gases the lines widen 
out in both directions on raising the temperatoie — that is^ on 
lendering the molecular collisions more violent* But it some- 
times happens that the disturbed motion differs in chaihicter 
from the normal motion so sensibly that it gives rise to a some- 
what different pattern of spectrum. 

19. For example, this occurs in the case of the principal lines, 
the D lines, of the sodium-spectmm. By introdacing sodium- 
earbonate into a suitable part of the oxyhydropren flame, the bright 
lines cnn be made to widen out to auy desired aiuninit ; wliile 
the original positions of the lines are at the same time presented 
to the eye by the dark absorption -lines, or reversed spectrum as 
it is called, caused by the surrounding niantie of cooitr sodium- 
vapour. In tins way the jjositions of the lines when nan ow nud 
when wide cau be directly compared, and will be found to differ. 
In neither of the lines does the dark line lie in the middle of the 
bright band : in Di (the more refrangible one) it inclines towards 
the red cod of the speetrnm, and iuDu (the less refrangible one) 
it inclines towards the blue. Hence the middles of the broad 
bands are further asunder than the narrow lines. 

20. A similar appearance is met with in the case of chloro* 
chromic anhydride* The ^e can easily detect that the lines are 
not everywhere equally spaced, though the deviation of any one 
line from its ealenlated pof,ition is so slight that in the measures 
we have taken the amount cannot be separated from errors of 
obsen'ntion. The middles of the lines appcnr to be disphiced by 
small itinounts, some to the left, others to the right. And since 
tliDse parent motions in the molecules of the vapour whose pe- 
riudic times are somewhat longer than the normal amouut must 
have a predominance in the formation of the lines that deviate 
towards the blue end of the spectrumi and wee versd, we can by 
this property distinguish between the lines which belong to mo- 
tiona in the gas that are faster than^ equal to^ or slower than, 
those of normal period; and by treating each of the series of 
lines so obtained as in section III. of this paper, information as 
to the differences in the nature of the motion in these three 
cases may perhaps be attainable. 

21. It is evident that wc only need to obtain more arenrate 
measures to be nble, by applyine; the method described above in 
§ 9, to detenmue with precision by how much the periodic motiou 
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of each line is in cxocs*? nr falls short of the mean periodic time. 
Thus, if the line we have taken as our ro-linc be, as we sup- 
poic, the 62ttth harmonic of the fundauu'iital laotinn, and if, as 
is likely, its inverse wave-length be 1697*0 (the obscrvi d amount) 
rather than 1G97'3 (the calcuhitetl atnonnt), it will loUow that 
this line arises maioiy from motions with the period 

which it somewhat longer than the duration we have asai^ned* to 

the mean periodic time, 'vie. It would that aeem pro- 

bnblc that this line is due principally to those (^i<5(ui bed niotiona 
in tiie molecules of the vapour whicn continue sufficiently long 
in a phase in which they have a periodic time about 1*0002 
times the normal periodic time. 

22. To this branch of the bub^ect belongs also that shading 
between the lines which is occasioned by still wider departures 
from the mean periodie time. Thia thadtng evidently followi 
laws intimately asaociated with the laws which determine the 
general pattern of the apeetram ; for we have noticed that marked 
eiccsses and defects in the ahading recur between the corre- 
sponding lines of several successive sections of the pattern. But 
this is a part of the phenomenon to which we have not yet had 
time to give sufficient attention^ and we therefore merely men- 
tion it here. 

Section V. Conehuum. 

28. We think that our measures satisfactorilv confirm the 
theory whieh was recently laid down by one m us as to the 
cause of the lines which present themselves in the spectra of 
gaaes, and that we have aseertained with considerable preeiaion 
the normal periodic time of one of the motions in the molecules 
of the vapour of cblorocbromic anhydride at the temperature 
and pressure of the atmosphere. 

In reference to the other matters upon which we have ven- 
tured to touchy the result'? nt wljieh we have as yet arrived 
are defective and less secure ; and we have entered into theoi 
only so far as appeared necessary to explain the methods we 
pursue. 

* See cquatioB (3) above. 
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Y. On Me Direct Conversion of Dynamic Force into Eiectrictly, 

Bff S. ToLYBS PmBifoir»£ig.* 

IT It ft wdl-known ftct that electricity is capable of direct 
eonmstoa into motioDj tbis principle being illiutnted iu 
its simplest form by tbc use of apparatus in wbicb metallic cir- 
cuits alone ne employed, motion oeing effected, as in the case 
of the apparatas of Ampere j wltbout the use of either commuta- 
tor or magnet. As far as I am aware, the eiact converse of 
this case, t. e, tbe direct conversion of dynamic force into elec- 
tricity without the aid of magnetism, has not been shown to be 
possible. The apparatus of Faraday, consistins: of a mrtrillic 
di?k c iiused to rotate between tlie poles of a permaneut maj^net, 
is well known — ^thc current thus induced in the disk having 
bcea conducted through a galvaiionjcter whose tcruiinaU were in 
connexion with the axis and circumference of disk respectively. 

la the auuexed tigure the helix S takes the place of the gal- 
vanometer, one extremity being in con- 
nexion with tbe circumference of disk D 
tbrongb a spring S', tbe other extremity 
being connected in any convenient man- % 
ner with the axia. 

In the apparatus of Fbraclay the cur- 
rent induced in the disk was solely due 

to the influence of the permanent magnet, ~ 

the current traversing that portion of the circuit formed of the 
galvanometer producin^^ no useful effect. Supposing, however, in 
the prt-st'nt ease the pole of a magnet nr a sceontl separate helix 
traversed by a current (from any source) to be ]ilaced near and 
parallel to the helix S, tlien the current thus induced by the 
rotation of the disk will traverse the helix S which forms ])art of 
the circuit of the apparatus, and (by a suitable direction of rota- 
tion) the direction of the current in both helices will be identical. 

Tbe carrcut tnTersin§; tbe exterior cnenit ia tbetefore by this 
arrangement capable of contributing to the cffBCts, both helices 
being similarly sitoatcd in relation to tbe disk mul traversed by 
a current in the same direction* 

Moreover, the helix S forming part of the circuit of the appa- 
ratus, tbe iutensity of the current tnfwaing it is tbecefore a 
fenction of the velocity of rotation. 

The inductive influence on the disk of the helix S, which de- 
pends on the intensity of the current travertin <^ its coils, is 
therefore capable of indefinitely exceeding that due to the sepa- 
rate helU| m which the intensity of the current^ whatever the 

* CoDimuDicatedbf tbe Author. 
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velocity, can only remaia oontUmt (its potential may be mp- 

posed indefinitely low). 

It is therefore clear that, after the first inductive impulse has 
been i^ivcii by the presence of the separate helix, the latter may 
be reriioM tl witlumt appreciably affecting the result, the main- 
tenance ot Uie current being due to the dynamic force employed 
in effcclini^ rotation, or to the inductive influence upon each 
other of the portions of the circuit in relative motion. 

If a core ol" soft iron were supposed introduced into the belix 
S, and on rotating the disk a magnet were only momeutarOy 
approached (thus imparting by induction a alight polarity to 
the iron oore)« it ia dear that the yelocity of rotation necesiaiy 
to maintain a current of given intensity would be much reduced; 
for the iron core, becoming magnetic under the influence of the 
current circulating in the surrounding helix, >Yould thus contri- 
bute to the effects without adding to the resistance of the circuity 
on the amount of which, caierU paribut, the intensity of the 
current depends. 

The folUming principle s'^rves further to elucidate the sub- 
ject. On the rotation of any machine by the influence of elec- 
tricity, the motive current is lowered in intensity by the induc- 
tive action of the moving paits of the maeliine; but by causing 
the rotation to take place by the use of force in the opposite di- 
rection, the intensity of tlic origmai current is, conversely, aug- 
mented ; or^ as explained by the law of the conservation of force, 
the electric current in effecting the rotation of the machine is 
reduced in intensity by an amount which is represented by the 
portion converted into dynamic energy, and on driving the ma* 
chine in the opposite direction the inteni^ity of the original cur« 
rent is raised by an amount which is the equivalent of the 
mechanical energy employed. 

The apparatus described is in principle clearly an electric 
motor; f. c. a current supposed to traverse the circuit made up 
of the helix and radius of disk would tend to effect the rotation 
of the latter; theref<M-e by the princij)]c jui.t statcil, if the appa- 
ratus be caused to rotate in a suitable du'eetion, a cujTent in- 
troduced into its circuit by induction or otherwise would be 
raised to an intensity dependent on the dynamic force employed 
in eifeeting iolalion. 

If no limit be assigned to the velocity of rotation which could 
be imparted^ it follows as a logical fact that the circuit conld be 
fused from the relative motion of its parts without friction. 

llie apparatus consisting in principle of a simple circuity one 
portion of which is put in motion^ illustrates^ as it seems to me, 
m a striking manner, from its directncBs and simplicity, the 
conversion of dynamic energy into those fonns of molecular 
motion termed dieetricity and heat« 
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The question BQg^etto itaelf whether, by improvement of the 
eonstaction^ this principle mij^ht not be made praetieally avail- 
able in those cases where a aniform carrent (irithont soooessive 
inversions) is desirable, as afibrded by a voltaic battery. 

It may be remarked that in the figure a portion of the eur- 
rent finos a circait within the disk itself; this^ however, may be 
avoided by a change in the details of construction, as is the case 
with the apparatus of Amp^re^ which shows the electrodynamie 
rotation of a currrnt. 

The theoretic interest of the question will not, I think, be 
disputed, the convc rsc pntu i[)lc (that is, the theory of the di- 
rect production ot motion ironi electricity) being dealt with in 
every work professing to contain the principles of the science. 

PS. — Since this paper was written I hare been informed by 
Mr. C. P. Varley, to whom the sabject treated of was com- 
mtinicated^ that to his knowledge this question has been con- 
sidered mathematically by Sir William Thomson. I am not^ 
however, aware that any paper on the sabjeet has been pub- 
lished. I trust, t!icreU)re, that this communication may be 
foond not nnsoited for insertion in year valoable pages. 

London Jaae 12, 1871. 



YI. On the Physical Constitution of the Sun* 
By Professor W. A. NoBtoN'*'. 

AMONG the recent theories of the Ph}rsical Constitution of 
the Son^ based on the later discoveries, astronomical and 
speetrascopic, that propounded a few years since by M. Fayef 
has been most favourably received. It is an essentud feature of 
thia theory that the sun's mass consists wholly, or in a great 
degree, of gases or vapours, and that a process of interchange 
of solar matter between tl>e interior and the photosphere is in 
incessaiU operation, in ascending and descending currents, by 
wliich the solar radiation is maintained. In a paper by J. 
Homer Lane " On the Theoretical Tem])eratareof the Sun, ike,/* 
published in Sillimau'^i Jouinal^ July 18Gy,iti3 elaborately ar^^^ied, 
and appears to be successfully maintained, that the great rapidity 
of circulatioD required by this theory cannot subsist consistently 
with the reoeived lawa of gaseous eireulation. Quite recently 
another theory of the sun's phyueal constitution haa been furo^ 
pounded by rrofessor P. Zdllner^ of Leipzig — based mainly .om 
the well-established fiict that the solar protuberances, cdnspicu- 

* Froni Silliman^s American Jounial for June 1871. 
t C9mpte9 BmAa, vol. Ix. pp. 89 and 138. 
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ouslv visible in total eclipses, and observable at all tiirn s with 
the aid of a spectroscope, are most of tlieiu due Lo violent erup- 
tions of masses of incandescent hydrogen*. He remarks that 
" It IS impossible^ without passing beyond the wdi-koown ana- 
logics necessary for the explanation of cosmical phenomena, to 
assign any other canse to these eruptions than the difference of 
prestnie of the gasea emanating from the interior and from the 
anrface of the sun. To make such a difference of presante poa- 
stble, it ia necessary to admit the existence of a separating stra- 
tum between the inner and outer strata of hydrogen, the latter 
of which| as ia well known, forms an important portion of the 
solar atmosphere. In reference to the physical constitution of 
this stratum, we must fmthcrniorc n^^iime that it cannot be 
gaseous, and ninnt tlu i eiuie be cUIk r sulul or liquid." lie re- 
marks further that " with regard to tlie inner mas-^es of hydrogen 
bounded by that stratum two suppositions are possible, viz. : — (1) 
The whole interior of the sun is filled with incandescent hydnv 
gcn gas, which would make the sun an immense bubble of hy- 
drogen surrounded by a liquid glowing envelope. (2) The masaea 
of liydrogen bursting oat into pfotuberaneea are local colleetiooa 
in bnbble-like caveman which form in the auperfidal layers of a 
liquid glowing mass and burst through when the pressure of the 
eoDfined gas increases.^' Professor ZoUner adopta the latter 
8U])position as the nion probable of the two. 

This theory may furnish an adequate supposable canae for the 
observed eruption of incandescent masses of hydrogen ; but its 
ffindnincntal hypotheses have no scrnre ground to rrf^t uj>on. 
The notioTi that the sun's photosplu re is in the liquid state is 
irreconcilable with the astonishing ra|)ulity with which rhangcn 
often occur on the bun's suiiace, and also with the fact tliat the 
vast elevated masses, seen as the lacula?, occasionally retain the 
same position for several days — and though suggested long sincCi 
has not, to my knowledge, been adopted by any astronomical 
observer. No hypothesis of the possible origin of the aan's 
spots upon this idea has been framed that affords a aatiidfiictory 
explanation of even their more conspicuous featurea and pheno- 
mena. To this remark the the m y advanced by Professor S&Uneri 
viz. that " the nucleos of the solar spots is a Bcoriaceooa pro- 
duct of local oooling on a liquid suiiface, and the penumbns 
clouds of condensation which surround at a certain height the 
coasts of these islands of slag," offers no exception. It is not 
new, and has been already overthrown by the investigations of 
M. >'ayet. The other iundameutal hypothesis of Trofessur 

• Philottopbical Magaiine, Nov. 18/0, 
t ComfttM lUndui. vol. Ui. p. 
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Z6lliiei-*s theory of the ])]iysical constitution of the sun, viz. 
that the ma.^ses Nvhich burst out into protuberances arc local 
coliectious iu bubble-like caverns which form in the suptifi- 
cial layers of a liquid glowing mass, dots not derive any siqiport 
fioiu :ui;ilogieaI facts. It must be regarded as a pure h\ pothc- 
sis, iiiiaustained by any iiiherent ])r<jijability, or bv any known 
i'act other than that whicli it is fiani<.d lo explain. Besides, an 
hypothesia wliicb brings the hydrogen in eruptive or streaming 
manes to the snn's surface does not suffice. Another arbi« 
tinry hypothesis is required to dispose of the hydrogen which 
has thus been aeeumulating above the aun's photosphere for 
an indefinite period of time. 

Such being the state of the case with regard to the recent 
attempts to discover the secret of the sun's physical consti-* 
tution, in the light of the late remarkable discoveries^ we seem 
to be in this dilemma : whatever conception is formed of the 
condition of the sun's jjlmtospliere, whether liquid or gaseous, 
it a]»pear8 to be contradicted bv received principles^ or con- 
troverted by established facts. We are thus naturally led to 
suspect thai { ithcr some physical cause has been hitherto left 
out oi" uccuuiit \\]i;cli ])]ays an important pait in solar phe- 
nomena, or else the coitception adopted of the mechanical con- 
dition of the solar vapours is radically at fault. It appears 
to me that good and aufficient reasons may be urged that will 
justify both these grounds of suspicion, and that anew point of 
view may be gained from which we may obtain a deeper insight 
into the physical processes iu operation on the sun. 

It is a little remarkable that it shonid have been hitherto as* 
sumed that the facts and laws of terrestrial physics can alone 
furnish a true pliilosophic&l ground for a theory of solar phy- 
sics, and that no serious attempt should have been made to ob- 
tain additional light from known ])rocesses iji operation on a 
cosmieal s^calc in the regions of space. There is a clnss of 
bodies, coiue of which in their periodical exeursiuiis through the 
fields of space ap])io;if h quite near the sun, and which arc in 
general copspicuously .subject to influences of a powerful nature 
exerted by the sun, besides the force ul gravitation. It certainly 
seems natural to expect that these cosmical bodies might give 
us some insight into the nature of the forcea in operation at 
the son's surface. It is assuredly too late to urge that the 
transformations which they undergo under the sun^s inflnence 
are wholly involved in mystery ; for it has certainly been aatis- 
factorily established that a portion of the cometary matter be- 
comes subject to a soiar rtptilsion, and is urged away by ihia 
force with a high velocity and to great distances from the sun, 
and that this repulsion augments in intensity as the comet ap- 



* 
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prohcbcs the sun*. Now, if such an energetic force of rcpul- 
sion cinatiates from the sun and operates oa cometic matter at 
ail distances, both small and jrieat, according to the law of in- 
verse squares, there is asj^iuediy a high probability that it may 
play ail important part on that vast arena where solar forces 
are obvi Mi^iv enira^ed in tierce contention. It may be con- 
jectured that the :joiur vapours are entirely different substances 
from, and wholly unlike in their physied tttte^ the cometary 
Tapours that appear to be flo exceedingly subtle. But it ii 
eertainly more philosophical to euppofle that the same luW 
atanoes, or substaDoee poiseaaed of the lame ge&enl propertietj 
are present in all cosmical bodies and the earth. Besides^ we 
are not without dircot evidence on this point, iluggins^ by ex- 
amining the spectrum furnished by the light emitted from the 
Comet II., 18G8, detected the presence of the vapour of carbon 
in the hriirhter portions of the comet. "He has been able to 
discriminate between the light of f he nucleus of a comet and 
that of its tail. The nucleus is selt-lunnnous, and its substance 
is in the form of ignited gas. The coma shinea by redected 
light as clouds do." 

■ If, as is now conceded by astronomers, the tail of a comet 
is made up of matter deiaclitd iiom the general mass of the 
eomet by reason of a repulsive action exerted by the sun, it 
must also be admitted that the matter expelled is aot all urged 
away by the same intensitrof force and with the same velocity ; 
Ibr we find that it is much more widely dispersed in the plane 
of the cometai^ orbit than is consistent with this suppositioo. 
For example, I have shown in my theoretical discussion of Do* 
nati's comet t that, if we conceive particles of matter to have been 
expelled from this comet with a certain email lateral veloeityj 
and urged nway during a certain interval of time by a solar re- 
pulsion bearing to the force of gravitation the ratio of to 
1, they would at the end of the interval have l)een found distri- 
buted ovrr a narrow band eoincideuL at its forward line with 
the curved preceding side of the tail of the comet, and that the 
other ])ortion8 of the tail must have been composed of matter 
subject to various degree:* uf sular repulsion less than this. In 
fact, the detiuite conclusion was in this way reached that the 
preceding half of the tail consisted of matter repelled from the 
sun with a force vsrying between the limits 1*218 and 0^ and 

* This IS geucrally, if nut uaivci'iully, admitted by astronomers. The 
autbor has undertaken in former Numbers of Silliman'i Journal to estabfish 
by ri;;oronsc«lcolBtion that tlwhtrainoni tndn of Donsti's comet wan dsTS" 
luped by a force of solar repulsion cooperating with the attrnctJun of grs- 
vuUUiou^ botli vaiying according to the law of the inverse squares. {jSeo 
SilUman's Journal, vol. xxxii.) 

t Silliman's Joumali U* Tol. xxxu. pp. 54-^. 
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that the following half wm for the most part composed of matter 
deuchcd from the comet limply by reason of a weakened gra?U 

tation toward the mn, the intensity of the force of gravitation 
aiojiL: the foUowin-j: ^'.<\" of the tail being 0'455. There would 
aeepi then to he no aiternatirc but to admit that the tail of 
Donatrs comet was composed of different substances (or else of 
one suij:staiice in difFcrrnt pliysical statis), subject to a repulsive 
action from tliu sun of various degrees of intensity, and cither 
prevailing over the sun's attraction of gravitation or parliaiiy 
COttOteractiDg it, and so giving rise to au etfective repulsion lor 
certain of these substances and to a diminished gravitation for 
othera. The simplest theoretical explanation that can be given 
of this state of things is to suppose that the toktr rqiuitwn em* 

through the^htr 

tf$pace and taking effect upon atoms of different mJtes with vanj^ 
ing initmitg. It is obvious that, if this be tfue, the smaller the 
atom the more effective should be the repulsion as compared 
With the gravitating force soliciting the atom, since the ratio of 
the two forces should be propnrtiorinl to the surface divided by 
the volume of the atom, assutmuL; that the mass is proportional 
to the voluiiH j or tliat all atoma have the same density. We 
are thus iucidcntaliy led to infer that the larger comets consist 
of a variety of substances like the earth. 

The qucbiiuu now arises, what cau he the origin of the force 
of solar repulsion. There is another side of the diyeiailied 
picture presented hj cometary transfbrmationa under the sun's 
influence, which givea some intimations on this point. Not 
only ie a certain portion of the cometary matter repelled by the 
sun, but it is also repelled by the nucleus of the comet. We 
see in large comets a seiiea of envelopes rise at intervals from 
the nucleus on the side turned toward the sttu, and recede at a 
nearly uniform rate until they become dissipated by the sun's 
repulsion. Luminous jets also stream out at times from the 
same side of the nucleus. These phenomena, it can hardly bo 
doubted, arc in souie way the elfeet of the sun's heat. The 
simplest and most j)robable conclusion is, that the ejecting force 
which is brought into pl.iy by the sun's heat is the direct n pul- 
sive energy of the hcut received by the comet. Wv arc thus 
led to infer that the repulsive aciiuu cu cried by the sun upun mat' 
ter in the state of the coiiietary vapours probably consists, either 
whoUy or partially, in repulsive impulses propagated m the heat" 
wavee proceeding from the rtt»« 

Let US now see whether any confirmation of these inferences^ 
snd any additional light in the direction of our present inquiry, 
can be obtained on the substantial ground of terrestrial physics. 
The definite question presented for consideration is whether the 
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results of observation or experiment afford any indicatmn of a 
direct repulsive action exerted by radiant heat on the atoiiis 
of bodicH. It is universallv admitted that radiant heat, when 
iiubibtd by a body, acts as a rc])uUive or separating agency 
among its molecules. It is also conceived that the con^oo- 
tion of heat ia by ndiatioii from atom to atom. • The moat 
natural inference from these faeta is that the wavea of radiant 
hoit whieh pass from atom to atom directly urge the atoma omf 
from each other by repulsive impulses. Instead, however, of 
adopting this simple idea, physicists have generally been in- 
clined to i-efcr the expansion of bodies from heat to some mode 
of motion of the atoma originated by the heat received, though 
no detailed satisfactory explanation has yet been given of the 
manner in which snch inotions would directly on'prinate an 
expansion. Strangely enough, this notiou is even entertained 
by physicists who regard heat as the only cause of the repul- 
sion t»ubs>isting among the njuleculcs of bodies. It should here 
be noted that if the expansion of all bodies of matter from 
heat la to be ascribed to a direct impulsive or repulsive actiou 
of heat-waves proceeding from one atom and falling upon the 
sunonnding atoms, then this force takes efleet at the greatest 
diatancea bv which the atoma are separated in the rarest gaa 
under the feeblest pressure ; and we should thus be led to ex- 
pect that heated bodies in contact with each other might ma* 
nifeat aigns of repulsion. 

In point of fact many evidences of a hcat*repulsion subsist- 
ing between partidea of different bodies in contact or in close 
proximity have been adduced by different experimentalists and 
writers on physics, some of which may be briefly mentioned. 

1. "When pure silica in an extreme state of division is 
highly heated, the slightest motion then causes the particles of 
the ])o^\ (U ^ to slide over each other, and the surface of the 
powder is throwQ into undulations almost like those of a 

2. A rise of temperature is attended with a decrease of capil- 
lary attraction. Also the frietaonal resistance to the How of 
water in pi])ea is diminished by heat. 

3. '* The apheroidal state of liquids is a complicated result 
of four distinct causes. The most influential is the repulsive 
force which heat exerts between objecta which are closely ap« 
proximated to each other''*. 

4. The vibrations of heated metala, as shown in " Trevilyau^a 
instrument" or "rocker," resting on a block of metal, are pro- 
bably due to the direct repulsive force of heat, as maintained 
by Professor Jforbes, of Edinburgh, in opposition to jfaradayi 

• Miller's * Physics/ p. 286. 
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who conceived that they were attributable to the sudden expati- 
siuii by lu iit of the body on winch the rocker rests. Faraday's 
ex|jlaUiiLiuu of Liicse curious phenomeua is adopted by Tyndall, 
who cudeavours to overthrow Trofe^or Forbes's theory. His 
eiperiaieDtf serve to diadoee the falUtcy of certain featoret of 
the theoryi bat do not ditlodgo the fundamental idea that the 
phenomena are dne to a foree of heat-repnlsion. This might 
be made apparent if we had space for a statement of the general 
principles on which the explanation rests^ and for a detailed dis- 
enssion of the leaults of the experiments* 

Let us now consider if any sufficient evidence exists of a ge« 
neral force of molecular repulsion in operation at all tempera- 
tures, beyond the sphere of ^^ensihle adhesion or cohesion. We 
need, iu fact, to look no further for this than to the simple 
fact that in the ordinary contact of bodies the interval of dis- 
tance between them, miuutc as it is, much exceeds the range of 
the attruetion of cohesion or adhesion ; for in such contact the 
weight of the upper body is counteracted by a repulsion between 
the molecules about the point of contact. Dr. liobinson has 
shown, in his * System of Mechanical Philosophy/ that if two 
l^assesy one slightly convex the other ^t, are placed on eaeh 
other and pceaaed by a force of 1000 pounds to the square inch, 
they are still at the distance from each other of the thickness 
of the top of a soap-bubble just before it bursts, or at least 
r^jg of an inch. In eflfecting this contact there was no evi- 
dence of any attraction existing at distances greater than that 
at which the contact occurred. A similar remark may be made 
with regard to all case^ of tlic apparent contact of homoprciieoui 
gubj'tanccs under a moderate presstire. It is only by increasmg 
the pressure more or less that the eontiirnous particles can be 
brought within the range of their reciprocal attraction of cohe- 
sion. When the particles arc readily displaced among them- 
selves under the direct uctiuu of a pressure or blow, as iu the 
case of soft or malleable substances, a permanent union may be 
effected without difficulty between the surfaces; that is, the 
outer repulsion of some of the particles may be overcome, their 
attraction of cohesion brought into play at the reduced distance, 
and an equilibrium estabUslied at the neutral point betwemi this 
attraction and the inner repulsion. This occurs in the welding 
of iron. 

Other evidences of an effective repulsion in operation between 

the molecules of bodies in contact, or in close proximity, are 
cited in treatises on physics, although it is not always distinrtly 
recognized that the sphere of its action lies entirely without tliat 
of the effective molecular attraction. Now, what is the range of 
this effective repulsion between bodies ? It obviously extends 
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only to a small distance. Cavendish'* well-known experiment 
ha» efitablishcd that, when bodies are separated by considerable 
distances, tbey tend toward each other by the attraction of gra- 
vitation. Bnt are we therefore to oondude that the repnlaive 
action^ 10 energetic at the near appioadi of the mdeeulea^ haa 
vaniahad altogether whan tbey are a eonaidatmble dittanee apart f 
It it not more probable that thia fofiae is eonfioed to the attrfhee^ 
molecules, and disappears at moderate distances, in compariaoft 
with the attraction of gravitation which ia the r^ult of th» 
action of the entire masses on each other, because it decreasea 
areording to the inverse squares of the distance between the 
Burlaees instead of the distance between the centres 1 hnve 
elsewhere shown* that the force of gravitation cannot bt^ tlic 
attraction of cohesion operating at eonsiderabie or great dis^ 
tanet'H. It is a force sui (/pn^ru, entirely c!i>(i net from the forces 
ot uiolieulai attraction and repul:<ion in operation at minute 
distances and deicrnuuiug the constitution of bodies and their 
ineefaanical properties, and oocrates in conjunction with, but in* 
dependently of, theae moleeaiar foreeaf. 

In view of the concurrent testimony that we have now wem. 
is afforded by the two departmentt of cometary and teneatrial 
physics, it will be admitted that, in attempting to gain a new 
inaight into the physical conatitution of the aun and the pto* 
cessea of change in operation on its surface, we are at leatt en» 
titled to assume the following as probable hypotheses : — 

1. That the sun cxerci^^es a repulsive action uyin\ the mole- 
cules of every gas or vapour tinit subsists at its surface, or is at 
any time in auy part of the region of space exterior to the sur- 
face ; that this force is tiic sum of all the heat-impulses propa- 
gated in a^'thereal waves front all the gaseous molecules posited 

• Philosnplncal Majjnzine, vol. xxxviii. p. .'^8. 

t It oupht liere to be slated that ia my^ paper '* On Molecular Physki,** 
miUished in ^llimiui's Joomml, vols, xzxviii., xssls.,aiid xl., I htfve dedneod 

from the fundamental conception of a prinitifa molecule (or cbesuai 

atom) jidoptcil a force of molecular repulsion operating bcyontl tlir sjthere 
of the molecular or cohesive attraction, and reached the coueiusiuu that 
this force hat its immediate origin ia the pbystesl ehaofre to which the 
developmeot of heat is in every instance due, viz. nn inwanl or eontiaelila 

vibmtorv movement of the i-U'ctric cnveloju <; hy vviiicli nil utorns urv mn- 
ceivi'd to 1)1' surrounded as well as by K;thcrcal atmosplieres. It is actonl- 
ingly termed the molecular heat-repulsion. The repulsive energy of heat 
in o{)crntioii on any molecule is the sura of all the sctht real impulses de> 
v<>l<>iH'»l \)\ H\ich r.H)\ enieiits of tla i Tivi'lopc-^ rtfdtlirr mnlcctdrs ( wlu-ther 
origumtm*^ m tlie nttrnrtion exerted by the i > niral atdiijs on their i iive- 
lopes, or HI uu cxtt:) ual colUhiou or pressure;, and propagated to the moli»« 
eule. Ftom the principle of interception of wave-fofce it results tbat the 
external repulsive action exerted by a solid body is confined to the surface- 
tiiolrMMile^: while a fDioe of heat-repulsion is propagated to SO iodcfloita 
(Uktauce from all the molecules of a gas. 
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above the st)li(l or liquid body of the sun, and fi oiu the surface- 
molecules of this cciiUal mass, except in so Car us Uu-se iin- 
puIsCB may be intercepted m their pubaUMi - and lljat it is op- 
posed to the force of gravitation, which U due to a vniual 
attmctioii of the tun'e entire maasi lo that the efifective force 
iolieiting any gaaeoiu molecule ie the diffevenee between tbete 
two fbrcee (attractiTe and repakire) by which it it urged. 

2. That the foree of solar repulsion, since it consists of im- 
pulses im>pagated in ethereal waves, is comparatively mora 
effeetive in proportion as the atomic weight of the soUr vapour 
is less, it being assumed that the quantity of matter in any 
atom is proportional to its volume. 

3. That in a hypothetical condition of equilibrium of the 
8un*8 atmosphere the clastic force of each of its vaporous coristi- 
tiirnts at any depth will consist in the intensity of tlie eO'ec- 
livc !iLat-i!i;f)ulscs tending to urge its molecules outward^ which 
will bu ccjuuIci acted by the weiifht ul the superincumbent por- 
tion of the atmosphere. Now let us assume, for the moment, 
that at some anterior epoeh in the san's history all the pre^^ent 
vapoiooa eoasdtnents of the sun's atmosphere were diffused 
throughout a space exterior to the central body of the sun, and 
limited by the spherical surface (A) at which the moleeniea of 
the vspour of greatest atomic wciglit are in equilibrium under 
the action of their own weight and of the htat-repnlsion urging 
them upward. This hypothetical state of things could not eon^ 
tinnei since the atoms of each of the other solar vapours would 
be urged upward by an effective force. If we conceive a small 
quantity of each of them to escape from all ])nints of tliis sur- 
face, the rising v;q)ours will ascend to greater lu iglits in propor- 
tion as their atomic weights arc less, and finally, when the 
equilibrium is attained, form a series of spherical envelopes 
wholly detached from each other, and arrani;ed in the order of 
atomic weights — beginning with the heavier metaUic vapours and 
terminating with the lighter (potassium, sodium, &c.) and the 
permanent gase?, with hydrogen outermost. If other small 
portions of esch of the vapours were to rise from the surface A, 
they would serve to augment the thickness of the envelopes 
already formed ; and the same would be true for each succes- 
sive discharge. The final result would be the same if the dia- 
diarge were continuous during a certain interval of time, as 
would naturally happen. After a certain amount of the solar 
vapours have escaped, contiguous envelopes might interpenetrate 
each other more or less. Whnt it is fspeeially important to 
observe is, that throvghout the whole depth iniercepied l/efnrcn 
each envelope and the outer limitincj surface A of the mpuur of 
greatest atomic weighty every atom qf the substance of which Utg 



Digitized by Google 



64 Prof. W. A. Norton on the Phyneal CoMtUution of the 8m. 



envelope is composed thai vwy chance to be jircseni uryed up- 
ward by a force of repulsion. It', as \vc must suppose, the rise 
of the bulai' vapoius iVoui the Kuil'acc A continued for an indcfi* 
nite time, the interpenctration of contiguous envelopes would 
inereasei and eventually a eondition of eauilibrium would be 
altainedi if the aun's temperature remained the same. Bat if 
this temperature were to increase, as it roust down to a certain 
epoch in the process of consolidation, the process above indi* 
cated would be continually renewed. It is still more important 
to observe that if there were any cause in operation withdraw- 
ing continually at short intervals a portion of one or more of 
these rising vapours, a statical equilibrium would not be rearbed ; 
and it would be permanently tnit- th^t for every such vnpmtr thrre 
would be f! rrrjinn of repulsion, as above stfitod , extendiny from its 
envelope dwn to t lie outer limit A of the vapour of(/reatesl atomic 
weight. Throughout this region the vapour woul l be perpetu- 
ally risinjr, takin*; the place of that which is withdraw n, and so 
mauUaining a dynunucal cfjni/ibrium. The depth of this region 
would be the greatest for hydrogen, the outermost gas (unless 
there is some solar vapour of less atomic weight than hydrogen). 
Now it is easy to see that a certain physical cause tending to 
produce such results must come into operation at some stage 
of the tun's process of consolidation. As conceived by Fsye, 
the cooling going on at the outer surface miut eventually bnng 
the temperature there down to the point at which the vapours 
having the highest affinity for oxygen will undergo Combus- 
tion. Tlie product of such combustion, being compotmd mole- 
cules, will have a greater weigiit in eomparisou witli the rejxil- 
sion to which thvy arc exposed than the simple molecules 
before the combination took place, aud hence thc}-^ >vill descend 
more or less rapidly into the depths of tlie photosphere. To 
all appearance the sun is now passing thvougli this period of its 
physical history, as supposed by Fayc ; and in the "granula- 
tions" which give to the solar disk a mottled appearance 

SHcFBchel's subsiding chemical precipitates") we probably 
iiscem the products of the combustion occurring in the upper 
photosphere and determining its outer limit in the act of de- 
scending. The continual upward flow, from the depths of the 
photosphere, of the hydrogen, oxygen, and the lighter metallic 
vapours will bring about the necessary intermixture of oxygen 
with the other vapours. This must occur below the natural 
outer limit of the hydrogen envelope ; and wc know that, as a 
matter of fact, the rhromosplierc, composed chiefly of hydrogen^ 
extends above the photosphere. 

If the products of the surface-eombustion were all to descend 
indeiiuitely into the vaporous photosphere without undergoing 
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cL(() in position, no further visible effects would ensue. We 
couid only follow with the mind's eye the gradual growth of the 
cciitral nucleus of the sun, and recognize that we probably have 
Lciuif n« a picture of the process by which the materials of the 
earth's crusL were taahioiicd aiid accumulated in the cai'lier ages 
of iU historv* Bat the probability is that the descending 
maiaes woald erentaally arrive at a depth wheie the higher 
temperatare would effect a dinociatioa of the eombiaed ele- 
menta (as Faye supposes). This mast inevitably happen unless 
the tendency of the heat that augments with the depth is coon* 
teracted by the opposing tendency of the increasing gaseous 
ressnre. By reason of these opposing tendencies it may well 
appen that there may be a certain region of dissociation of 
limited depth, above and below which decomposition would not 
occur. But it is to be observed that it does not follow that all 
of the products of sarfncc-couibustion as thev pass through such 
a region ^voul(l be (Ucumposcd, bUicc the rciiuction of tempera- 
tare attending every instance of decomposition tends to prevent 
decomposition of other surrounding masses in the act of de- 
scending. 

This sudden dissociation of largo masses of combined ele- 
ments^ though occurring at certain depths within the photo- 
sphere^ it will be seen^ may eventually play a eonspieuous part 
at the sorfaoe. Unless the region of dinoeiation should lie 
below that of repulsion for the elements separated, these el^ 
ments after separation will be urged upward by the effective 
force of repulsion^ ascend rapidlyi and emerge with a high velo- 
city above their respective envelopes. The ascensional velocitiea 
attained will be greater if large masses are suddenly decom- 
posed. The masses of hydrogen set free should attain to the 
greatest velocity and rise to the greatest height. Thry should 
rise in eruptive masses above the hydrogen envelope, or, m other 
words, the chromosphere. According to Lix Icys r, in the solar 

Iirotuberances the asci nding hydrogen has m some caacs a ve- 
ocity as high ns 120 iiulcs per second^ and rises to a height 
of more than 40,000 miles. 

A vertical jet of hydrogen having a projectile velocity of 
120 miles per second should attain an altitude of 43,000 nulet^ 
if the solar gravity were constant for that altitude. Some 
prominences have extended to a height of lOOjOOO miles above 
the sun's photosphere. Professor Respighi has even noticed 
instances of an elevation of 160^000 miles. Such enormous 
heights imply either a greater initial velocity than 120 miles 
per second, or that the full energy of the solar attraction does 
not take effect on the eruptive masses of hydrogen in the region 
above the photosphere. From our theoreticrd point of view we 
FMl. Mag. S. 4. Vol. 42. No. 277. Ju^ 1671. F 
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perceive that the latter supposition should be true, since the 
solar repulsion should be in operation above the hydrogen 
envelope or the chromosphere^ diminishing the gravitaCmg ten- 
dency. 

The metalltc vapours set free in the regioa of diMoeiation 
ihoiild rise to heights varying with their atomic weig^ta. Some 
of them, espeeially the lighter ones (sodiam, magneaiain, eal- 
eiaiDf ftc.)> may acquire veloeitieaaaflieieDt to bring them above 
the ehromoaphere. In fiMt, the spectroaoope has detected, 
besides hjdrogen, magnesium, sodium, iron, and chromiam in 
the solar protuberanoea. Lockyer states that he haa invariably 
found that in solar storma the chromoapherie layers are thrown 
up in the order of vapour-density. He regards the chromo- 
sphere as built up of the followiuf; layers, which are m the order 
of vapour-density in the case of known elements: — a new ele- 
ment giving the green coronal line in the spectroscope, hydrogen, 
another new element, magnesium, sodium, barium, iron. He 
remarks that " all the heavier vapours are at or below the level 
of the photosphere itself"*. 

The green coronal line was traced in the late eclipae by Pto- 
feaaora Youne and Winlodr aa far aa 16^, or 425,000 mflea fhim 
the aun'a limb. From our preaent tbeoretieal atand-point we 
naturally infer, aa Lockyer haa already done from hia obaenra* 
tiona, that the element present in the aolar corona which gives 
thia line ia much lighter than hydrogen. see also that 

an element sercral times lighter than hydrogen might be sub- 
ject to a aolar repulsion that would preidominate over the at- 
traction of gravitation at all distances, and urge the subtle 
vapour indefinitely away from the sun. Since the same line is 
seen in the light of terrestrial auroras, we must conclude that 
the same substance is present in our upper atmosphere, either 
in a permanent upper layer or derived from the sun (as I have 
elsewhere maintained). VV'e must infer also that it is magnetic, 
which apparently cannot be the case unless it takes on the con- 
dition of compound molecules. Such compound molecules 
might become diaperaed in the upper atmosphere of the earth, 
or in the photosphere of the ann, by electric djacharsea or anddea 
evolutiona of heat, and then the separate atoma repelled o% form- 
ing the streamers of the corona andanroim^illaminated either by 
electric light or, in the case of the corona, in part also by reflected 
aolar light t* 

o 

* It Is admitted by Angstrom sod ZoUner that the abnenoe of ipectro- 
seopie indieatioiis of oxygen and mtrogeo ia the son is no suffldeat evi> 

dence that theM gases are really wanting in the son's atmosphere. 

t It is nlso conceivable that the subtle vapour streaming off in the ro- 
ronai rays has been set free by diaaociation, like the hydrogen, bom some 
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The probable origiu of the suu's sputs and other quest ioTis 
of solar physics tli it claim attention uiust he left for future 
ooDsideratioa. I wili only remark here ilmL iL lias long been 
apparent that the diverse pbenomena which occur at the suu'a 
aurface ans traceable, more or less directly, to the action of some 
form of emptive force. The present woestigation $eem to htne 
led to tkedieeoeery of the true nature and origin of this force, and 
at the eame time to have reeetUed the proeese by whkh the tim't 
radiation is mtintained, the primary source of the solar heat 
being doubtless, as now generally believed, the prooessof oondfin- 
aatioD maintaioed by the foroe of gravitation. 

It is worthy of remark, in conclusion, that as comets directed 
our attention at the out.set toward the sun, so the sun, in its 
turn, leada us back a^airi to our starting-point, since we see 
that if we transfer to coiiu lai y bodies the physical atrueture we 
ha\ t; recognized in the smi'a upper photosphere, viz. the exist- 
ence of a succession of light vaporous envelopes subject to the 
energetic action of the force of heat-repulsion, the mystery in 
which some of the curious transformations they undergo have 
hitherto been involved seems to be in a great degree dispelled. 
No one doubts that comets are chidly composed of tery light 
vapours, though some of the larger onea may ha?e a solid nu* 
eleus. If, as intiaiated, eertain observed cometary phenomena 
iodieate that these vapours, like the solar vapours, are arranged, 
for a certain depth at least, in envelopes which are liable to be 
greatly expanded, or even wholly expelled by the increasing 
amount of heat received from the sun, we have in the probable 
physical structure of comets another indication that these bodies 
were originally detached from the sun's photosphere, in addi- 
tion to that furnished by certain features of the cometary 
moUous*. 



VII. On IncreasiiKj the Rigidity of long, thin Metallic Poinfere, 
Magnetic Needles, ^c. Jon N C. Douglas, Science Teacher, 
G.B,, M.I, Gov. Telegraph Department^. 

THE needles and needle-indices of galvanometers, when long 
and (toensure lightness) thin,are very liable to become bent; 
or to prevent this bending and admit of the pointer being brought 



otiier element of a compound substance in the depths of die photosphere. 

TTo'vcver thi'=; may he, it cnn h aril !v be doubted that the nscent nnd de- 
sceut of the solar vapours mu\ the combinations and decum|)Ositiau8 going 
on among them must be attended with disturbances of electric equilibrium, 
from which decided effects must result. 

* Norton's * Astronomy,' revised edition, p. 276. 

t Communicated by the Author. 

F2 



Digitized by Google 



68 On Tnemuhg the Bigidity of long, tkm MeiaUk PitkUen, 

close to the acaie, the weight of the suspended mass is frequently 
increased at the expense of delicacy. 

Where it is required to obtain an index or needle lonp:, lif^tt, 
and at the sanu' time rigid, I sugtr:est that the thin niclal be 
buckled: au ordinary steel peu is au example of a thin piece of 
metal rendered very rigid by bockling in tlie manner proposed ; 
but tbe increased rigidity bestowed by sncb alteration of form is 
ao well understood as to render it nnneeessary to dwell on it 
bere. An index would, of course, be bent in tbe direction of its 
length, and the shape of the cross section might be varied. 

It is evident that with a given weight a longer, and with a 
given length a lighter index is possible if the metal be buckled 
instead ot used plane as at present ; a longer and finer point 
may be bestowed on the buckled than on the unbuckled index ; 
and the greater rigidity of the buckled index would render it pos- 
sible to approach it nearer to the scale of the instrument without 
fear of contact. 

I have alluded to galvanometers particularly ; but the improve- 
ment suggested is ap})licable to any instrument in which a long 
and sharp yet light index is a desideratum, while it may not 
be required in some cases, where weight cannot be reduced by 
reason of tbe necessity for a certain magnetic mass. 

I have stated tbe principle as applicable to indices composed 
of metal, but it is applicable to other materials, as bom, Tulea- 
nite, &c.; aluminium and brass, however, are probably most 
generally applicable and would usually be employed. Sligbt 
modifications in the mode of attachment might be rendered ne- 
cessary by the buckling of the index; but sueb details cannot 
present any difticulty, while the improvement would be appre- 
ciated by all in the habit of using instruments with long, light 
indices as at prescut eonstructed. I have seen clock-hands in 
which the principle h&A been partially applied ; but in such cases 
it is scarcely necessary, and ornament appears to be generally 
the object. The subject of this paper suggested itself to mc 
from the difhculty 1 have found in kecpmg the uecdlcs of de- 
tectors ftc* flat in spite of the handling of them in remague- 
tizing, and in using delicate galvanometers, the long light 
needles and long thin brass pointers of which have to be occa- 
sionally handled, are very readily bent, and by no means readily 
rendeied straight again. 
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Atinmomjf Simpli/ied for General Reading, with numerous New Ex' 
planations and Discoveries in Spectrum Aualjfeie, 4rc. By J, A. 

S. RoLLWYx. Tegg, London. 

1J0SSESSIN6 a knowledge of astronomical literature dating from 
1811, when we first made acqnaintance with Ferguson's ' Young 
Ladies' and Gentlemen's Astronomy,' now scarce, and^ as tirrie pro- 
gressed, with Brewster, Woodhouse, Herschel, Viuce, Drew, and a 
host of otlier writers, including the memoirs which appeared from 
tame to time in the ' Tnmtactioiis ' of scientifio bodies, &c., we anti- 
eipated, from the title of the work before ns, a dear smd lucid state- 
molt of the broad and Icuding features tit astronomy, couched iu 
language which would render them easily intelligible to readers 
who were not desirous of mastering the more abstruse portions of 
the science. Upon review ing our perusal of 402 pages we look back 
on our literary journey as having passed through regions of black and 
white, in which we have encountered illusory uebolse, pear-shaped 
moons, smoking suns, hypothetical planets, atmospheric star-showm^ 
suggestions for ft sensational novel describing life in the planet Mars, 
all'ifiion'^ to wax-doll astronomy, fi cliemical theory of Saturn's rin[r^, 
and a new explanation of the dark line« in the solar spectrum : ;iiul 
we seriously inquire, Have we mistaken the title? is it really 
Astronomy Simpiitied ? For must assuredly we should have arrived 
at the oonclosion that "Astronomy Mystified" would have been 
the better title, had not the title-page itself informed us of the sim- 
plicity of the work and its suitability for general reading. 

Amongst the numerous book?, popular and otherwise, timt bave 
been written on astronomv, there is much that may be characterized 
as calculated tu furni^^^h general and accurate ideas of stars and star- 
systems, of nebulse, of the sun and his planetary family, of comets, 
and of the connexion between astronomy and chemistry through the 
medium of spectrum analysis ; and had the author abstained from 
controverting theories which are likely to be e^^tablished, and intro- 
ducing those of his own which have to pass through the necessary 
ordeal, he would, we are convinced from various i)a!*sages in the 
work, have succeeded in j)rotiucing a book winch would have on- 
swered to its title. For example, had he grouped selections of known 
/aete under heads as above mentioned, referring but sparingly to 
ikeeriee, and to those only which would clearly explain classes of 
fscts, his work would have taken rank with the productions of the 
popular scientific writers of the day. But he ha« irone out of his way 
to guard the public nn-ainst what be terms the authority of science; 
he savs in Lis jn^ faco, " thnt while many things go forth to the 
geneial world upparcuLiy under the authority of science, which are 
only, after all. matter of speculation, without any scientific sanction 
e • • • The public mind is, as a rule, not sufficiently acquainted 
with the rationalia involved to be capable of self-protection, or to 
be able to distinguish, as scientific men generally do, what has been 
definitely discovered from what has in the absence of discovery been 
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plausibly suggested." In the outset Mr. Roliwyn stands forth as 
the champion of the non-scientific, to defend them againi^ the plav- 
•ible fiuggestioDS of time*hoooured philosophers, who have given to 
the world, by means of observation and theory, the fiiets and expla- 
nations of the constituent bodies of the uniyene, substituting his 
new ex{)lnnnrTnn<i nnd, as he cslls them» discoT^es, for much that 
is now generally received. 

In that portion of the work which is devoted to the consideration 
of stars, star-systems, and nebulae, it would have contributed greatly 
to simplicity had the author, in addition to the array of figures ex- 
pressing •iluMfrvdSi of hUUcm, given the quantities in su many words. 
The experience of the general public, for whom Mr. lloUwyn writes, 
in estimating quantitie? peldom exceeds hundreds of thou.^nnds, and 
as a billion is a million limes a million, it is by a great mental effort 
that so large a quantity can be appreht uded by figures alone. With 
regard to .«tcllar arrangements, Mr. UoUwyn does not appear to be 
well read up ; for in his work we look in rain for any notice of Proc« 
tof^s theories of stsr-driftt star-streams, the constitution of the uni- 
verse, &c. ; and it is remarkable that, amongst theoriea which have 
been re^-Jirded with but little favour by the aut^ior. the ?pecn1nt!nns 
of Proctor should have been overlooked. On the other hand \ve 
find the author demolishing, as he thinks, the gaseous character of 
the nebulse, calling in que&Uuu the results of Dr. Uuggins's obser- 
vations of the bright lines in the spectra of nebulK, as well as the 
obaervationa of Sir W. Herschel, wi^Me telescope, the author says, 
invests and unites the Dumb Bell with a fictitious elliptical halo and 
junction. ** How can such luminosity yield a spectrum nnnlysis ? 
We should as soon think of testing the sj)cctrum analysis of a ghost, 
or a night-mare, or a drenm. To come to the conclusion that be- 
cause such a f-pectruui presents no elementary lines it must be the 
spectram of a vapour, would be vapouring indeed, and with very 
thin vapour. All honour to spectrum analysis ! but we trust we are 
too jealous of the integrity of scientific truth to accept implicitly the 
first suggestions and unfledged conclusions drawn from it, — too np- 
prerintivc of its great achievements, too rr^] octful to its already well- 
won and wonderful laurels, to drag it through the mire in support 
of hasty and ilUdi^^ested lufereuces.'* 

Of the three bright lines in the spectra of nebolte discovered \fj 
Dr. Hoggins, Mr. Roliwyn remarks* " it is surely exaetiog too much 
to ask us to assume that when three lines only appear in the spec- 
troscope, this misernblc meagre telegram exhaustively explains aB 
the luminosity embraced within the extended confine." 

It would hp wasting time to c:** further into an nnnlvfl'^ of tlip 
work. Not uuiy is the uutliur lii-rcud in his subject and cxtruvagunt 
in his suppositions (of which the pear-shaped form of the moon is an 
example, Uie diameter directed towards the earth being 3893 miles, 
while that at right angles to it is 2158 : whence he obtained his 
data wc ore nt a loss to conceive ; the micrometrical measurements 
of Gussew in IRoO or I PGO gave the greatest mean deviation from 
' spherical form as about of the radius, or leas than 60 miles). 
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Ut mnqaotatioiii and enort are numerous, so that as a work 
of Kferonee it is vtlaeleu. Tlie Astronomer Royal's discovery of 
tlio inequality of Cbe motioDs of the Earth and Vennst the period 
of which is 240 years, is ascribed toLe Verrier, with not one word of 

the laborious work of the Astronomer Royal. The work concludes 
with the announcement that it is demonstrable that the area of the 
circle etj^uai to three fourths of the square of its diameter. 

IX. Proceedings Learned Societies. 
SOTAL BOCIXTY* 

tContinned ftom vol. xli. |i. 54fi.] 

Mnreh 9, 1871.— Genend Sir Edwaid Sahine^ K.C.B., Fk«adent, 

in the Chair. 

^HB following oommunication was read » 
* " Results of Seven Years' Obserrations of the Dip and ITori- 
zontal Force at Stonyhurst College Obsenrstory» from April 1863 to 

March 1870." Bv the Rev. S. J. Perry. 

The object of the present paper is to bring further evidence to 
bear upou au important question of terrestrial magnetism. 

The existence of a sensible semiannual inequality in the earth's 
magnetie elements, dependent on the podtion of the sun in the 
ediptic, was deduced by General Sir ISdward Sabine from a dis- 
cussion in 1863 of a continuous series of the monthly magnetic ob- 
servations taken at Kew. A previous reduction of observations made 
at Ilobarton and at Toronto had first suggested the idea, and a new 
coutirmation of the results has lately been obtained by Dr. Balfour 
Stewart from subjecting a second series of Kew observations to the 
same teits as before. The obsermtioniy whieh form the bans of 
the present discussion, extend over the period from March 1863 to 
February 1870, during which time the same instruments have been 
in constant use. These nre a Jones unifilnr and a dip-circle by Bor- 
row, both tested at Kew, and a Frodsham cliroiionieter. Sir Edward 
Sabine, who made the Stonyhurst Observatory one of his magnetic 
stations in the Euglish surve^r in 1858, greatlv encouragea the 
nndertaking of monthly magnetic observations, and the Rev. A. Weld 
ppoenred in consequence the instruments stiU in use. Only oeca- 
rional observations were made with these instruments for some years, 
and it was only in 1863 that a continuons series of monthly deter* 
minatious of the magnetic elements was started by the llev. W. 
Sidgreaves. He observed regularly until September 1868, when I 
returned to rov former post at the Observatory, and I have continued 
the same work ever linee. 

A stone pillar was at first erected for the magnetic instruments 
in the open garden, snd this remained in use from 1 858 until the 
beginning of 1868, when a most convenient hut of {z:lass and wood 
was built for the instruments in a retired corner of the College garden. 
This alteration was rendered necessary from the pladne of iron rails 
in the vicinity of the old pillar j and although it introdoces into the 
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resuUd a correctipn lor change of station* it haa the grcdL advaiiUge 
of securing imm unity from duturlMUiee fof the ftitnie. 

Oonddering the ('hjcct m Tiew in diewing up this reduced form 
of the dip and horizontal-force obserrationi, I have judged it ad- 
Tisable to adhere itrictlj to the tabular forms in which the matter 
has been pre^fnted in previoii« (li'!(*u'5«ion'' of a similar nature. Kuch 
. element is the subj« ct matter of these tables. In the first are the 
monthly values of tlie element, the deduced mean Talue, and its se- 
cular variation. Next in cider cornea the ealcale^ of the aemi- 
ennnal inemieUtj. The residual errors, and consequent prohable 
weights of the observations and results^ compose the third and hist 
Table. 

The yearly moon ralnes of the horizontal force are fonnd to vary 
progressively from .'i r)9'JG to 3'G178 in British units, the mtaii for 
Oct. 1st, 1866, being 3 G034, with a secular acceleration ot 0 0042. 
Calculating from ihe monthly Tables the mean value of the honzontal 
force for the six months from April to September* and for the semi- 
annual jperiod from October to March, we find the former to be 
0*0005 m exoess orer the latter, showing that this component of 
the intensity i'^ prrpRtcr fhirinir the summer than flnriner the winter 
months. Treatmg the dip observations in a precisely similar way, 
we obtain 69° 45' 21" as the mean value of this element for October 
1st, 1866, subject to a secular diminution of 1' 49'''2; the extreme 
yearly means being 69** 4S' AT* and 69^ 3T 52". The ranilting ex> 
oess of 10" for the winter months in the computed semiannual 
means is so small, that the observations tend mainly to show that 
the effect of the sun's position is not clearly manifested by any de- 
cided variation in the dip. Deducing the intensity from the above 
element!;, we obtain for the summer months the value 10*4136, 
whilst that for the winter months is 10*4126. The intensity of the 
earth's magnetie force would thus appear to increase with tlie sun's 
distancey but the difference is not large enough to have more than 
n negative weight in the question under discussion. This weight* 
moreover, is lessenod by the slight UTirrrtainty arising from the 
probable disturbing cansi s at the first maL-m tic station. 

It is hoped that a second scries of observations at the new station 
will throw greater light on the fact of the sun's influence on terr«k 
trial magnetism, hj^ cither confirming the results obtained abovep or 
by adding fresh weight to the ooodusions arriTed at by the President 
€f the Boyai Society. 

March 23**43eneral Sir Edward Sabme, K.C.B.« President, in the 

Chair. 

The followinsr romniTiniraf i.->n« were rend : — 

" On an approxniiatcly Decennial Variation of the Temperature 
nt the Observatory at the Cape of Good Hope between the years 
1841 aud 1870, viewed in connexion with the Variation of the Solar 
Spots.** By £. J. Stone, F.R.S., Astronomer Royal at the Cape of 
Good Hope. In a Letter to the President. 

Bojal Obssrvatory, Cape of Good Hope^ Jan. 17. 1871. 

Dbar Sis,^I enclose a cnrre of the variation of the annual mean 
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temperature at the Cape deduced from obser?ation3 exteiKlinr; from 
lb4l to 1870 inclusive. I have carefully examined the zeru-pumts 
of all the thennoiDetert wbich have been employed id tbk leriet of 
obwmtioiis. I have then deduced the nio of Atmgp of theee ther« 
praiQleni^ ttW.s. comparison of the index -errors thns fotiiu! and 
those given originally or obtained in 1852 by Sir Thomas Maclear, 
when he compared tho principal tliermomrter? nt thp Oh<?ervatorv 
with the readings of ti standard "Ke^uauU " which had beci st nt 
out to the Observatory tor that purpose by you. These indications 
of change have been carefully checked by all the oompariaona made, 
•t diflmnl timet and for different purpooM^ of theae thenoomilora 
imter we and with others which atill remain at the Observaloiy. 
From the agreement of the different results thus checked, I have no 
(loiiht upon my own mind of the systenifttir ohnracter and sensible 
amouut of the increase of readin??' of theriudHK tcrs with age tlius 
indicated. In some cases the change appears tu amouut to ai> 
modi as 0°*05 F. per annum. From theae results I have deduced the 
tndex-erron of the diflbvnt thermometera for the different perioda, 
•nd applied theae correctiona throughout. I iiave also corrected the 
mean results of the five observationa made daily ainoe 1847 in order 
to fle^liice the true daily mean. 

The results thus reduced on a general system, and pxtendiiia* over 
thirty years, appeared likely to afford information respecting any 
connexion which might exist between the mean temperature and the 
ftttfoimey of aolar apota. I hare therrfore oonatraeted the curves of 
sanation of mean annual temperature, and the inverse curve of solar- 
spot frequency for compariaon* The latter eonre haa been founded 
Qpon Wolfs observations. 

The observations of temperature from 1841 to 18ol inclusive were 
made in the original Meteorological Observatory, which was burnt 
down in 1852, March 11. 

The obaervatiooB from 1852, April 34, to 1858» An^piat 31, wert 
made in m wooden ihed ereeled for the pnrpoae on the aite of the old 
Obaemitoiy. 

The ohservations from 1858, Anp;nst .Slst, to the present time 
have ijeen made in the crib before the south-west window of the 
Transit-Circle Room. 

These changes are so far unfortunate, that there is clearly a change 
of mean temperature ariaittg from the different elreumataneea of expo- 
fore* I have therefore referred eaoh aet of ohaervations to the mean 
tempcmtare dednoed from all the ohaervations made under the nme 
circufTT^tanrcs of exposure. The deviation? of the meaii temperature 
for cnch year from the mean of the whole ])i riod of siimlar exposure 
are then laid down as ordinates on the scale of one division of the 
ruled paper to F. To smooth down the irregulurities, I have 

jomed the pointa thna laid down, and biaected the lioea thna joining 
these pointa whenever the corresponding mean temperaturea were 
dedneed from a foil year's observations. In other eases the tempe- 
ratures corresponding to the defirlpTit months have been «npplied 
from the adjoining years, and the resulting mean temperature allowed 



Digitized by Google 



74 



Royal Society : — 



less weight. The inyene curre of the frequency of solar spots has 
been formed by simply subtracting 100 from Wolfs numbers, and 
laying down points to the scale of a number 4 to 0°'05 F., or one 
division of the ruled paper. 



'3 .•; 



I • I I t I I I 



I I • I I t I I 



The broken curre represenU the Tariatioiu in the mean annual temperature 
at the Cape ; the oontinuoui line is the inrene curre of lolar tpota' frequency. 

The agreement between the curves appears to me so close that I 
cannot but believe that the same cause which leads to an excess of 
mean annual temperature leads equally to a dissipation of solar spots. 
There is on the whole a curious appearance of lagging of the inverse 
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curve of solar spots over that of temperature. At the maximum 
about 1856, however, this does not appear to be the case ; but when 
the uDcertainties of the data, both of the solar spota near the mini- 
mum, and of tlie mean temperature also, are taken into account, 
such discrepancies might perhaps fairly be expected, even if there 
be a physical connexion between the two phenomena as results of 
some common cause. If there be a sensible inequality in the mean 
temperature with a period of about ten years, then the mean tem- 
perature resulting from the observations in the temporary Observa- 
tory, which were made near a maximum, will be too high. The 
corresponding ordinates, therefore, will be depressed too much rela- 
tively to those corresponding to observations made in the other two 
observatories. In the cur^e 2, I have imperfectly corrected the mean 
of the results for the temporary observatory on the supposition of 
such an inequality existing. The only result of such a correction is 
to modify the curve at the points of junction of the observations 
made in different positions. The general form is unaltered. It should 
be mentioned that the point about which the curves appear to differ 
most is near or at the change of exposure from the original observa- 
tory to the temporary shed, about 1852. r 

I may mention that I had not the slightest expectation, on first 
laying down the curves, of any sensible agreement resulting, btit that 
1 now consider the agreement too close to be a matter of chance. I 
should, however, rather lean to the opinion that the connexion be~ 
tween the variation of mean temperature and the appearance of solar 
spots is indirect rather than direct, that each results from some ge- 
neral change of solar energy. 

I have forwarded these curves to you, knowing the great interest 
you have ever taken in such inquiries, and on account of your being 
the chief promoter of the establishment of a Meteorological Observa- 
tory here. Tlie problems of meteorology appear to be presented here 
in a simpler form than in England ; and probably systematic photo- 
graphic self-registering observations extended over a few years might 
lead to important results. 

I have the honour to be. Sir, 

Yours obediently, 

£. J. Stone. 

Sir Edward Sabine, K.C.B., P,R.S., ^c. 

Rcsum^ of two Papers on Sun-spots : — " On the Form of the 
San-spot Curve,** by Prof. Wolf ; and " On the Connexion of Sun- 
spots with Planetary Configuration,*' by M. Fritz. By B. Loewy. 

Of these two series of investigations, one is by Professor Wolf, 
the other by M. Fritz, communicated to Prof. Wolf. 

In the first, Prof. Wolf has proposed to himself to find the mean 
character of the curve of sun-spots, i. e. its real form from one 
minimum to another. He investigates the form only for 2J years 
before, and 2^ years after each minimum, and concludes by a simple 
proportion of the remainder. He finds that the curve ascends more 
rapidly than it descends — the ascent taking in the mean 3*7 years. 
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the descent lasting 7*4 ^ ears. We have established these data far 
more reliably in our last paper ; and our curve mta 3*52 years for 
the ascent, 7*54 years for the descent (aTersgeof the three periods). 
Professor Wolf also thinks that although a single period may differ 

essentially iu its character and form from tin* mean, still, on the 
whole, if the dc.«rent is retarded, tlie ascent m the same period is 
also retarik'd ; if tiic tornuT is accelerated, the latter is also acce~ 
lerated. This is not quite borne out by our curve, lie also over- 
looks the seeondaiy maximum, whioli may lead to great condusioas 
if more investigated together with other matters. 
M. Friti comes to the fdlowing conclusions : — 

1 . The connexion between sun-spots and auroral and magnetic 
disturbanros indicates an external cause, to be sought in planetary 
configurations. 

2. The relative influence of the planets must be exerted in the fol- 
lowing order : — Jupiter (greatest), Venus, Mercury, Earth, Saturn. 

3. This influence cannot entirely depend on the time of rotation ; 
but changes in the magnetic axes oi these planets may haTe the 

most determining effect. 

4. Inve'-tiL'fitinr: the comparative inflnoncos of them singly and 
together (as tar m possible), at the times ot conjunction and quadra- 
ture, he finds the greatest coincidence of maxima of sun-spots with 
the time when Jupiter and Satwm are in quadrature ; and the great- 
est coincidence of mmima when these planets are in conjunction. 

5. There is also (a minor) coincidence of maxima when Jupiter 
and Venus are in quadrature. 

There is nhi^ nw extension of the paper for finding the connexions 
with auroras, imd a statement that every 2r7 days there seems to be 
a montiiiy maximum, which may probably be explained (according 
to Fritz) by the tendency of a particular solar meridian to spot- 
formation, depending upon the presence of an intra-Mercurial planet* 
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[,CouUuued from vol. x\\. p. 549.] 

Januaiy 25, 1871. — Joseph Prcstwioh, Esq., F.E.8., Prestdent, 

in the Chair. 

The following communications were read : — 

1. "On the Physical Kelations of the New Red Marl, Rhsetic beds, 
and Lower Lias." By Prof. A. 0. Uamsay, LL.T)., F.R.S., F.G.S. 

The author conimeuccd by stating that tliero is a perfect physical 
gradation between the New Bed Alarl and the Khintic beds. Ho 
considered that the New Bod Sandstone and Harl were fbrmed in 
inland waters, the latter iu a salt lake, and regarded the abundanoe 
of oxide of iron in them as favourable to this view. The fossil foot- 
prints occurring in them wero evidence that there wns no tide in 
the water. The author maintained that the New lied ilarl is more 
closely related to the lUuetic, and even to the Lias, than to the 
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Banter; and in sarooit of fhie opimon he dtod both atratigraphical 
and paioMmtologiiMl evidenoe. He deseribed what he leipiKded as 

the aeqiienoe of events dniing the accumulatiou of the lat^ Triossic 
deposits and the passi^ through the Ehcetic to the Lias, and inti- 
mated that the same reasoning '^oiild apply to other Britifth strata, 
espt^cially some of those coloured rinl by oxide of iron, ifulnding the 
PenuiaUj the Old iied iSandstone^ and a part of the CamUiau. 

* 

2. ** Note on a large Reptilian Bkidl from Brooke^ lalo of ^^ht, 
probaMv Dinosaurian, and referable to the genm Iffuanodon/' Bf 
J. W. Hulke, Esq., F.R.S., F.G.S. 

The author stated thnt the skull described hy him was obtained 
from a Weahleu dt'})08it at Brot^ke, in the Isle of Wight, from which 
raany rcniaius of Dinosauria have been obtained. He described its 
charact^^ru in detail, and remarked that its most striking peculiarities 
were : — the oompletenen of the bony brain-caae ; the oUiteration of 
the antmeBy especially thoae of the baeierauial axis ; the massiTeiiesa 
of the skull ; and the great downward extension of the basisphenoidf 
with tlie attendant upward slant of the lower border of the busi- 
presphenoidal rod. The fif^t nf these characters occurs eUewhere 
among reptiles only in Di< t/nuJon ; and the first and second cha- 
racters combined were regarded bj tlie author as approximating the 
akidl to the oniithlc type. The rel^raiee of this afcall to Iguamdot^ 
was founded chiefly on the plaoe from which it was obtained, whieh 
baa ^rnished abundant remains of that genus, and on the obHtera- 
tion of the sutures, which the author ataied to be a character of the 
mandibles of Igwmodon, 

Febroary S, 1871. — Joseph Prestwich, Esq., President, 

in the Chair. 

The following communications were read: — 

1 . " On the Punticld Formation T^y John W. Judd, Esq., F.G.S., 
of the Geological Survey of Engluutl uud Wales. 

Those foimatiotts wmeh have been depoiHed under ,/Euvib-mar»tte 
oondittonB, and whieh yield at tiie same time marine, freshwater, 
and terrestrial fossils, are of especial interest to the geologist, as 
they furnish him with a means of correlating the great £radiLwater 
systems of strata with those of ranriuo origin. 

At the bottom of the Wealden we have one such fluvio-marine 
series, the well-known Purbeck formation ; at its summit is another, 
less known, but not less important, for whieh the name of Pun- 
field Formation'' is now suggested. Some of the fossils of the latter 
were first brought under the notice of geologists by Mr. Oodwin- 
Austen in 1850 ; and their peculiarities have since been the subject 
of remark by Prof. E. Forbes, Sir C. Lyell, nrd others. 

The typical section of the beds is at Punlield Cove, in the Isle of 
Ptirbeck, where they are about ItlO feet thick, and include several 
band^ with murine shells. The lowest and most remarkable of these 
yields about forfy well-defined apedea^ many of whioh, as well as 
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one of the gmn, are quite iww to this oountiy. A aeetioa wme- 
wkftt iiiiiikr to that of Ponfield, i» aeexi at Wbrborrow Bay. 

In ihp Isle of Wight, at Compton, Brixton, and Sandown Beys, 
similar ttuvio-Tnnrine beds are found at the top of the Wcaldcn, and 
attnin to ri thickru-^ of feet. The marine bands here, however, 
3neld but a very suanty fauna. Indications of the exifltcnee of beds 
of the same charact^^r and iu a aimilar position aru iouud ux Ike ditn 
tmtof the Weald. 

While the Purbeok fonnation ezhihite the gndnal paasage ot the 
marine Portlandian into the freshwater Wealdcn, the PunfieSd 
formation shows the transition of the latter into the marine Upper 
Neoromifin (Lower Grecnsand). Thn^ wo nrc led to conclude that 
tli< ( piich of the English Wealdcu commenced before the close of the 
Jiii assic period, lasted through the whole of the Tithonian and of 
the Lower and Middle Neocomian, and only came to a close at the 
oomraenoement of the Upper Neoooiiiiaa. 

In traoing the CretaoieKnis strata proper firom east to west, they 
arr found to undei^ great modification ; while the Neocomian and 
Wcalden, which they ovedap tlirouj^h unfonfoi-niity, beeidee being 
greatly chanj^jed in character, thin out very rapidly. 

On Btratigraphie^l and pala&ontological evidence, the Putitieid 
formation is clearly relcrable to the upper part of the Middle 2feo- 
oomiaii. Its firana has remarkably eloee analogiee with that of the 
great eoal-bearmg formatioii of eastern Spain, which ia of ▼eat 
tfaieknem and ^n-it economic yalne. 

The claim of the Punfield beds, equally with the similarly situated 
Purbeok serio'*, to rank as a distinct formation, is founded on the 
distinctness of their mineralog^cal characters, their fjreat thicknesii, 
the fact of their yielding a considerable and very well characterized 
£Mma, and of their bmng the equivalent of a highly important 
Ibreign aeries* 

2. Some remarks on the Denudation of the Oolites of the Bath 

district, with a theory on the Denudation of Oolites prenerally.'* By 
W. Stephen MitchoU^ j!;8q., F.Q.S., of Gonviile and Caius 

College, Cambridge. 

The nutlior hricily referred to the thcor}' accordinp; to which 
oolitic depojiiu wi^iv supposed to have been origiuaily spread out in 
oontinuoui sheets over the country which they occupy, aud to owe 
their division into separate hills to the action of denudation after 
their original depositton and consolidation. He suggested, as an 
eqnaUy probable hypothesiB, that, whilst the marls and clays of 
oolitic areas were probably originally deposited in continuous beds, 
the limestones in many cases may never hare ext»^nded beyond 
the areas now occupied by them. He denrrihed the beds of lime- 
stoue in the oolitic hiUs as thinning out towards the valleys on all 
sides, maintained that the limestones owed their origin to coral 
reeft, and dted seversl descriptions of corsl islands by Prof. Jukes, 
to show the agreement in their struotore with that which he escribed 
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to the oolitic hills. He assumed that in the event of a coral-area 
bacomiog one of sedimentary deposition, the sedimentary deposit 
mild p ww B fyo intiot the oontoor of the ooctl iBlanday and iniSaived 
tkai due hMB been the eaee in the Bath distnet, se thai the Oieat- 
Oolite twpfringw of the hilla of that area may rept eee nt the original 
contours of coral islands, expcwed by the denudation of the Brad- 
ford clay. The amo^int of denudation uudei^ono by the Great- 
Ooliteli mestono he considered to be very small. The Inferior 
Oolite, on the contrary, he believed to have suffered denudation ; and 
he oooeidered that the coarse of the valleys formed by this agent 
vai dependent on the fbnn of the limeBtonee cappiu^^ the hiUe. 



X. IfUMgmet mid MiMedimmm Artkki. 

ON THE MICB08G0PI0 STRUCTURE OF HAIL. 
BT PAUL BEINICH. 

ALTHOUGH the formatioa and origin of hailstones must he 
counted among the meteorological phenomena which haye not 
been fully eaplained.yeiiti differences from other atmo8|^ericdepoeita 
(as. for instance, in structure) show that in its formation causes are at 

work which in the formation of other atmospheric depo«ite are either 
entirely wanting or only operate in less deijree. Yet from the differ- 
ence in htulstones as regards form, magnitude, aud internal structure 
it must be concluded that the same causes are not always at wurk. 
In any case, in order to give a theory which shall completely explain 
the phenomena, it is important to know all t^pes of hailstones ; more 
especially does the microscopic structure offer many criteria for a cor- 
rect theory. In this subject of meteorolop:y, hs in many other 
branche? of science, the uiicrosrope has a future before it. The 
present notice has reference to the microscopic structure of the hail- 
stones of a storm which passed over part of the Westrich in the 
after Do on of June 8» 1869, a lew days before the fall of the Kraken* 
berg meteorite, .The hailstones had a diameter of 10 to 12 mil* 
lima., were almost exactly spherical, and appeared to have rather a 
concentric than a nidiul structure. An individual i?tone laid npon 
the object-table of a iiiicr(»?cope was seen to be made up of iudividuul 
corns or granules all nf nearly the same size, in the middle of each 
of which was a single minute bubble with a brighter core and darker 
periphery. The individual granules are ordinarily round, but some- 
times elongated ; they are bounded by a well-defined line* and are 
ahaqily sefiarated from each other; so that part of a hailstone shows 
»ome similarity to the merenchymatlc strurture of the vegetable 
celli the substance of the grain itseit is quite homogeneous and free 
from structure*. As the hailstone gradually melts on the surface 
of the object>table the following remarkable deportment is observed. 
The dariter sharp contour of the granule disappears at the fusion-line 

* I was unfortunately unnblc to observe tiie Structure of the solid snb> 
stance of the gnda in polarized hght. 
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of the hailttoM^ without diitiiiet tadiMtbiui of a diffemt deport- 
ment fixuii the reat of the lolid apparently homogeneoos mass of the 
granule. But ai toon as the line of fusion reaches the spherical 

bubble of the p^mnnlc, the bubble rapidly recedes from the line of 
fusion, cxj)aiidinpf to more than tit ty times its former v olutne. 

T\\e diameter of the individnal Lrrauule is from 0 0.)44 tu U 0724 mil- 
lim., the diameter ul liie uxdividuai spherical body which is exactly 
in the centre of the granule, and which ia aeen to be a ninnte air- 
bubble. Is 0*0088 millim. From what ia obaerred on the melting of 
the granule, the bubble is air, yet air which is condenaed to one- 
fiftieth of its original volume. The individual air-bubbles, which im- 
mediately after their exjmnFion have under the ordinary atmospheric 
pressure a diameter of 0*0'271() to 0 0314 millim., swim for a short 
time without change in the ice-water ot tiie object-table. As the 
volumea of apheiea are to each other aa r* : r,\ 

f» _ (0 004 4)' _ 

r/~(00157)»"" 

As according' to Boyle's law V : V,= P, : P, m order to compress a 
bubble ui air ol the density ol urdaiary uir frutii 0*0271 millim. dia- 
meter to a volume of 0*0088 diameter, a preaaure of 52 atmoapherea 
muat hare been exerted. Aaauming that the hailatonea were formed 
under the ordinary pressure, we may calculate the temperature at 
which a mass of air under the ordinary preaaore would be ccmtracted 
to 52 timea aa amali a bulk. Since 

then 

vHT' 

the value for the two volumes, reduced by four decimal placea, ia 

-/ = 0^11304-0 00216 
' 01ia04x 000438 

From this unuaual degree of cold it is probable that the aole eauae 

of condensation is not cold alone ; probably both causes have been 
operative in this enormoua coadeosation of the air in the aolid mass 
of ice. 

Continual observation and comparison of many hailstones showed 
me that the condenaed air-bubblea are in the middle of the apherical 

granule of the hailstone, and that the endoaed air which is disen- 
ga^d from the melting hailatone ia neither in the solid ice which 

fills tlio interstitial sipfire between the individiinl prrannle", nor in the 
homogeneous solid moss of the g-ranule. Refraining from any hints, 
I wish to direct the attention of observers to this interesting fact, and 
I recommend the subject to further observation. — PoggendorfiT'a 
AnmOm, No. 4. 1871. 
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XI. On the R^/leeHim of Li^ht from Trmi^pamU Matter. By 
The Hon. J. W. Btkutt, M,A., FeUow of THnt/y CoUeife, 

IN connexion with other investigations on light I had occa- 
sion to consider the problem of reflection, in order to see 
how far the facts might be accouuted for by the differeut hypo- 
tbeaet which have been made as to the condition of the nther in 
tiansparent matter* Although, as I now find, aome of the re^ 
snlts then arrived at have been already given by Loreni^ of 
Copenhagen, the pnblication of the present |iaper may not be 
without use, as I cannot agree with him on many important 
pointa^ and great misapprehoision aeema to prevail on the rab- 
ject generally. 

Starting with the adsumption that the rigidity ia the same in 
the two media^ and that the vibrations of light are normal to the 

plane of polarization, Fresnel was led to the ronclnsion that if 
the incident vibration he represented by amty, the reflected 
vibration is given by the ejcpressioiis 

ain ffl-^ ton {6, -0) 
sin (9]+^)' ton{^^+^)' 

according to whether the plane of pniintive polarization coincides 
with or id pei pendicular to the plane of incidence. The process 
by which the first (sine) formula is obtained is rigorous, or at 
least may be made so by additional explanations. With regard 
to the aeoond, the leaaoning cannot be considered demonstrative^ 
although, as a matter of fact, the arbitrary principle assnroed 

• GommiiiufiaKed bv the Author. 
PMl. Mag, S. 4. Vol. 42. No. 278. Aug, 1871. G 
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(that the vibrationi in the two media* when reiolTed panlleLto 
'the aarfece of ee^aration are equal) and the oondiuion >fe vp* 
proximately troe. Freanel did not eontemplate the poaaibility 
of a ehange of phase which^ at we now know from Jamin's ex* 
perimentaty aooompanies reflection in one^if not in both of the 
principal cases. 

Green's important work " On the Laws of Reflection and Re- 
fraction of Light at the Common Surface of two non-crystallized 
Media," was read before the Cambridge Philosophical Society ou 
December 11,1 H37, aiid published in tlu* Transactions for 1838 J. 
In tiiis paper, which has never received on theContmeuL the atten- 
tion which it deserves, Green investigates the equations of motion 
of an elastic medium, settini; out, as we should uo^v say, iruni the 
principle of energy. By LaGrratiire's method he deduces both 
the general equations applicable throughout the interior, and 
the conditions which must be satisfied at the surface of. sepa- 
ration of two media. The atatical propertiea of an iiotropie 
medium are defined by two eonatanta A and the aeoond ex* 
preaaing the rigaUy, and the flrat depending, though not in the 
simplest manner, on the eumpreuUnlity, For the lumtniferona 
aether it is shown that A must be indefinitely great, or that the 
medium resists change of volume with an infinite force. During 
motion the inertia of the medium comes into play, and a con- 
stant expressing the density must be added to the two statical 
constants already mentioned. In all this there seems to be 
nothiug to which exception can be taken, unless it be to the as- 
sumption (expressly stated by Green) that the sphere of sensible 
action of the molecular Ibrces, or, as I should prefer to say, the 
raugc of the mutual influence of the parts of the medium, is iii- 
Bcnsiblc HI eoiiipai 1.-^)1 1 u ith the length of the wave, and that the 
transition from the one state of things to the other at the bound- 
ing surface ia to rapid that it may be treated as abrupt. 

But in the application to the queation of reflection further 
aaaumotiona are made whose significance has beoa atrangcly 
misunderstood. When light passes from air into a denser me- 
dium, it propagates itself slower than before in the ratio of : 1, 
but this consideration alone ia not snffieient to lead to a definite 
solution. From the equation 

Pi h-"" P 

we can infer nothing as to the relation between B and Bp which 

* Mo account beinf^ taken of titrfaee-wavei, 
t Anm, de Chitnie, t. xx'tx. p. 31. 

t I^'priutcd in 'Greou'» Msthematical Papers/ edited by Ferran. 

MacJ^iiiittu and Co. Ib/l. 
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must be known before further progress (other tban tentative) 
can be made. From the fact that in all the known gases A is 

independent of the nature of the g-as^ Green argues that we 
may assume the same for B, " at least when we consider those 
phenoiiiciia only which dejx nd merely on diflferent states of the 
same riicdium, as is the case with light" — an inference which 
certaiul) a[j{)i.ars very precarious. In a note he says, "Though 
for all kuovvu ga^es A is independent of the !iature of the gas, 
perhaps it is extending the aiialogy rather tou far to assume 
that in the lumiuiferous aether the constants A and B must 
alwaye be independent of the state of the sther as found in 
difierent refncting substances. However, since the hypothesis 
greatly simplifies the equations due to the siur&oe of junction 
of the two media, and is itself the most simple that could be 
selected, it seemed natural firat to deduce the consequences 
which follow from it before trying a more complicated one, and, 
as far as I have yet founds these consequences are in aeooniance 
with observed facts." 

In a very wild criticism of this theory, at the end of an other- 
wise sound paper Kurz, haviiifr mistaken the meaning of A, 
B, attributes tf> Green the absurd assumption that the wave- 
velocities are the same in the two media, and metaphorically 
hf)ids up his hands in amazement. I need hardly jiomt out 
that Greeri's conditions A = Ap B = B| are something quite 
ditfereut, and imply simply an identity of statical properties in 
the case of the two media. It may be shown, howmr, that the 
first (A = Aj) is unnecessary, a fact which Crieen does not seem 
to have perceived. The cause of the reftaction is a variation of 
the dynamical property (density). The rest of Green's reason* 
ing is rigorous, admitting of no cavil. Mlien the vibrations 
are nornial to the plane of incidence, the amplitude of the 
reflected vibration is expressed accurately by FresnePs sine-for* 
mnla ; but the tangent-formula is only applicable to vibrations 
in the plane of incidence as a first approximation. It is evident 
that, in order that theory may at all agree with observation, the 
vibrations of hg^ht must be supposed to be performed nor- 
nmlly to the plane of polarization; indeed tlie two assumptions 
of constant riLriditv nnd normal vibrations are closely bound 
up together in all parts of optics. The effect of the hypotheti- 
cal relations A = Ap B = B^ is greatly to simplity the bounding 
conditions which then express the equality of the coiiipuneat 
displacements and their derivatives on the two sides of the sepa- 
rating surface. In this form they become identicsl with the 
so-called Principle of Continiuty of Movement stated by Cauchy^ 

* Pogg. Ann. vol. cviii. p. 396. 

G2 
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who does not appear to have seen that a continuity of strain 
implies necessarily a continuity of statical properties across the 
surface of separation, as is evident in a moment from D^Vlem- 
bert's principle. So far there is absolute agreement between 
Green and Cauchy, the only difference being that Green went 
deeper into the matter and gave the interpretation, if not the 
iustidcation of the principle assumed straight off by Cauchy. 
The divergence which exists between the results of the two theo* 
riet takes its rise in their tmlment of the longitudinal wave 
prodaoed when the vibrations are in the plane of ineideno^ 
whose consideration cannot be dispensed with, although its di- 
rect effect is confined to within a few wave-lengths of the sur- 
face. Oreen merely supposes that the velocity of propagation of 
disturbances depending on change of volume is infinite in both 
media, and accordingly arrives at a result which contains only 
one constant — the refractive index ; while Cauchy, on the other 
hand, imagines a sort of opacity to longitudinal vibrations, iu 
virtue of which the waves are damped, and introduces a new 
constant called the coefficient of extinction. Cauchy, I believe, 
never published the proof of liis formula? ; but the want has been 
supplied by German physicists*. Whatever may be thought of 
the processes by which they are obtained, there can be no doubt 
that Cauchy's formulas agree very well with the observations of 
Jamin ; while the same cannot be said of Green's as they stand in 
his original memoir. A modified form of the latter^ however^ has 
been given by Haughton t, to which I am inclined to adhere. He 
thought that, by supposing the inoompressibility, though great, 
to be still finite, the second constant might be introdoeed, without 
which an agreement with observation is impossible. Apart from 
the difficnl^ of explaining what becomes of the longitudinal 
wave when the incidence is nearly normal, in which case it 
mnst be propagated in the ordinary way, his reasoning is en* 
tirely vitiated by an oversight already remarked on by Eisen- 
lohr. The difference between Cauchy's formuljc and Green's, 
as modified by Haughton, is barely sensible in the experiments 
of Jamin, which are for the most part confined to the neigh- 
hood of the polarizing angle; but according to KurzJ, whose 
observations extended over a wider range, the latter has a decided 
advantage as an empirical representation of the facts. 

Quite different from the foregoing is the theory of Mac* 
CnDagh and Nenmann, which ia given in an accessible form in 
Lloyd's ' Wave-Theory of Light.' The following principles are 
laid down as the basis of investigation:-* 

* Beer, Pogg. Am, vela. id. tnd zcii. Eisenlohr, Fogg. Ann. vol. dv. 

p. 346. 

t PhiL Jfsg. 8. 4. vol. vi. p. 81. | Pogg. Am, voL eviii. 
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I. The vibratioosof polanaed light are paraiiei to the plane of 

poianzatioD. 

II. The deusity of the sther is the same io all bodies as 

in vacuo. 

III. The vis viva is preserved ; from which it follows that 
the masMss of the fither pat in motion^ niiilttplied by the iqiiBW 
of the ampHtodes of vibration, are the same oefore and after re- 
flection. 

lY. The resultant of the vibratlona in the same in the two 
media ; and therefore in singly refracting media the refracted 
yibration is the resultant of the. incident and reflected vi* 
brations. 

When the vibrations are normal to the plane of incidence^ 

and therefore parallel in all three waves, the application of these 
principlea gives ritrnrously Fresnel's tangent exprpssion. If 
the vibrations are iii the plane of incidence, the fourth principle 
alone leads to FresnePs sine-i'ormula. This only shows thnt the 
fourth principle is inconsistent wit!) the others; for, as ue shall 
see, unexceptionable reasoning founticd on I. and 11. leads to 
aa altogether iliilcrent result. The very particular case of IV. 
required when the vibrations are nonnal to the plane of nici* 
dence happens to be correct. In order to prevent misappre- 
hension, 1 should say there is a sense in which IV. is perfectly 
true. If the vibrations belonging to the longitudinal surface- 
waves be included, it expresses merely the continuity of dis- 
placement, a condition which must necessarily be fulfilled ac- 
cording to any view of the subject. But understood in this 
true sense, it does not carry the consequences deduced from it. 
It remains then to be seen what the magnitude of the reflected 
wave would be according to principles I. and II., when the 
light is polarized in the plane of incidence. T/<"t us take up 
the question after the method of Green, nnr) iiujuiie wiiat are 
the consequences of the various suppositions which may be 
made : and hrst for light vibrating normally to the plane of 
incidence. 

The plane of separation of the media being a^=0, let the axis 
of 2 be parallel to the fronts of the waves, so that ir=0 is the 
plane of incidence. The displacements in tiie two media are in 
geneial denoted by 77,^; but in this case f, f^, t;^ sll 

vanish. For the general equation of motbn we have 
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and for the bounding conditions, 

n, n' arc the rigidities ; D, D' the densities* 
Assume 

f ^ + c/) + F( -«r+ 6y+ d), 

the ooefficieiitt b and c being necessarily the same for all three 
mum, since their traeee on the aarfaoe mast mo?e together. 
Hence from (2) 

/' + F'=//, ^ 



end 



F 0^ n 



or, tinoe - » tan - =s tan 

ten _ 
F' tan 9 n 

tan^ » 

an equation giving the imtio of the reflected and ineident 
brationi. 

CsieL (Green's) n^sfif: 



F cot^- cot^ ^ sin (61^ ^ 
cot ^ + cot sin C^, + e) 



Coie II. (MacCollagh's) DsIV. 
Since generally 

we have 

iT^ ^ sin*^ 
and then (3) gives 

y _ ten(^^-^) 
7»~tan(^,^-^)' 
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If we assume tlic complete accurary of Fresnel^s expressions, 
either case agrees with observation j only, if n = n', light vi- 
brates normally to tlie plane of polarization ; while if D== 1)', the 
vibrations are paralU] to that plane. But we know llml 1 Vt snel's 
tangent-formula ia not accurate, and that there is in gesieral no 
angle oi complete polarization, so that already the presumption 
is in favour of Case 1 ; but I would not lay much stress upon 
thiti aa the phenomena inveatigated by Jamin are of a secondary 
diaraeter^ and might be doe to the aetion of distarbing cauaes. 

Case IIL We may Buppose that n and D both vary. Here we 
should obtain lomelhmg between FramePt two ezpresnona, 
which could hardly be reconciled with observation^ unless one 
▼ariation were very subordinate to the other. Other oonaidera* 
tioDs seem to ezdode this case; for if nand D both vary^ there 
ia nothing to prevent their varying proportionally, so as to 
leave the wave-velocity unchanged, or /t=L The transmitted 
wave would then not be turned, although there would be a finite 
reflection. Nothing of this kind is known in nature, whichever 
way the light maybe polarized. But thr most satisfactory argu- 
ment against the joint variation is dcrivfcJ I'rom the theory of the 
diffraction of light from very small particles, whose diameter does 
not exceed a small fraction of the wave-length. Hitherto there 
has been no theoretical diilii uUy. ('ase I. is only a trans- 
lation into analysis of the reasoning ol Fiesnel, and Case II. of 
the reasoning ol AlacCullagh. But when we pass on to the con- 
sideration of the problem when the vibrations are in the plane 
of ioddoioe, onr footing ia no longer so sure. However elose 
the analogy majr be between the phenomena of Mght and the 
transverse Tibrations of an elastic solid, one cannot but feel that 
it may not eitend to those motions which are independent of 
rigidity, and of which in the case of the eetber we have no direct 
knowledge. Still, in the absence of all others, we cannot do 
better than follow the guide which has already served us so well. 

Since the displacement is entirely in the plane of incidence, 
(^=0, and i; are independent of z. The equations to be satis> 
fied in the interior of the first medium are*, 

di^ ^ dx Xilx ^ dy) ^' dy\dij 
dC^ dy\dx^ dy)^^ dx\dy 

where 

o M-\-n a ft 
* Sec Greeu. or Thomson atul Tait, p. 630. 
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Puttiug, with Green^ 



(5) 



find 



(6) 



Two similar eqaationi apply to the lower laedinm. 
The boaudHy eoadhioiM are 

(«+») 2 +(».-») J ={".'+"') f + («'-«') ^• 

of whicb the first ]rair express tlu* contiuuity of displacementj 
and the second the continuity of stress. Aasume 

j-lowermedmni. 

The coefficient of / must be the same for all the waves on account 
of the peiiodicity , and b must be ihv same because the tract s of 
all the waves on the plane of separation ar=0 must move together. 
The cont>tant» ^|r^, ... are complex. l^Vom (6) we get the 
following relations, 

Since ^ and are indefinitely great, 

««+^«0, ««+A*«0; (7) 

whence we obtaiii 

if the upper medium correspond to the positive x» Equationi 
(7) tsxjpteu the incompfeesibiuty of the sther in the two mediaj 
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It is therefore liardly correct to cail the surface-waTes expreMed 
by <p longitudhtaL They are more allied to those motiont with 
which we have io much to do in hydrodynamics^ which involve 
neither rotation nor yet change of volume. 

Since tan ^ s tan 
a 'a, 

whit h expresses the ordinary law giving the direction of the re- 
fracted wave. 

We have now to satisfy the boundary conditioun. From the 
continuity of displacement, 

b(f> 

or, on introducing tlie values of cf, a.', and putting U^i-'^^=X, 
«X*+«,)=ti-X, 1 

Were we tu igiiun tlic sui face-waves alLogcLhci audput^ = ^l = 0, 
equations (8J would give us 



-a{f-^)=b<t>,-a,it,;J 



whence 



_ X~Y ^ a sin {6,-0 ) 

~ X+ Y " Oj^*" sin 

a 

Fresnel's fin^t expression. This is exactly what has been done 
by Zech*, and is in fact merely a translation into anrOysis of 
MacCullagh's fourth principle. The worthlessness of the argu- 
ment is sufficiently shown by the consideratKui that no assump- 
tion has yet been made as tu the relations between 7t, ii\ D, 1)', 
Other than that implied in taking the ratio of the wave-velocities 
equal to fi. It is as necessary to satisfy the second pair of 
boundary conditions^ expressing the continuity of fltresa, as the 

* Pogg. iliii.v«icii.|i.60» 



90 The Hon. J. W. Strati on Mtf jZtf^Mioii 0/ 

first ; and this cannot be done without the introduction of finite 
surface-waves. Expressed in terms of <}>, yft, thej take the form 

or on substitution of the values of ^, yjr, with regard to (8) ^ 

Although o'^+i^ is vanishingly small, we are not at liberty to 
leave it out, beeau8eiii(ef*+M) is finite. In fact 

for we may negleet n in comparison with m. Using these m 
obtain 

Equations (8), (9'), and (10) contain the solution of the problem. 
Case 1. Let ]i=n'; (9^) and (10) give 

Now IV: Bsfi*; so that, from (8), 

u« ^ itz^ - finite \ = ±c:5 . fl^i . 

or since 

■ w 

if we put 
it'— 1 

Srri=^"^^ (1*) 
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From (13) and (14j, 

»t^-X-T= (m' - ^-ittn M(^«-l)}+^ 

The quantitiet witlim the brackets are eoropk^ and may be ei- 
bibited in the forma Be'*, K'e'*' ; e and ^ then denote the dif- 
ference of phase between the incident and refracted, the reflected 
and refracted wares respectively^ and are given by 

«lcot(^-^,); (15; 

by tiigoBometrieal tnnslbmiationi with nseof vdation 

8in^=/i8in $i; 

^ ^ + cot ^, J 

l^cot . . (16) 

We have seen that when the vibrations are normal to the plane 
of incidence there is no difference of phase between the inddent 
and r^^ted waves, unless the change of sign, when the second 
medium is the denser, be considered such. Now what is observed 
in expcrimrnt=5 is the arreleration or retardation of the one po- 
larized corapoDcnt with i t t^ard to the others nnd is therefore given 
simply by e — e'. The aiiibiguity must be removed by the con- 
sideration that wheu the incidence is normal there is no relative 
change of phase, though throughout J aiiiin\s papers it is assumed 
that there is in that case a phase-difference of half a period, I 
am at a loss to understand how Jamiu could have cntertamed 
such a view, which is inconsistent with continuity, inasmuch as 
when ^sO the distinction between polarisation in the plane of 
reflection and polarization in the perpendicular plane disappears. 

The ratio of the amplitudes of the reflected and ineiaent vi- 
brations is given by 

_ c ot ^ + co^ ^/ -hMV^-i)^ 

~ cot e + cot e])^ + M«(/A*-i)* 

""cot«(^-.^J+M« 
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The corretponding quantity when the light is poknMd in the 
plane of ineidenoe is 

E« "•in'i^+d/ 
and therefore 

Equations (14), (15), (16V (17), (18) eonstitate the solution of 
the problem on the hypotnesis that nsiif, and are equiTalent to 
results given by Green. 

CoH 2. Let Bs D'; nf : nsl : /a*. (9^) and (10) assume the 
form 

MV+*')('»Y-«,t,)=6V-l) {J (^,-X)-aY-fl,ti}. 

M«(6'Vr,-««X) -»«X+ « «t,= - (m'- 1 )i4(«Y-«,t,) , 

the value of — being substituted from (8), or, on expressing 
0, A, &c, in ttirms of the angles of incidence and refFBction, 

cot - cot^<^^= sin* $ - cot ^Y- cut f?,^,]^, 

cot« ^X) - X + cot« ^,ti= - - 1) (cot ^ Y - cot^,t^ . 

From these two equations the values of X and Y as functions 
of the angle of incidence might be tabulated with any given value 
of^* One particular case is very remai'kable. At the polari- 
sing angle (tan^V) amplitude of the reflected wave is the 
same as it would be given by FresnePs sine-formula — a coind* 
dence for which I have not been able to see any reason. 

My object in bringing forward the present hypothesis is to 
disprove it, rind is sufficiently attainrd by the dispmnf of a 
particular ca.se. Let us therefore su[>p08e that the dilfereuce of 
refrangibihty ijetween tlic two media is so small that the square 
and higher powers of (/a*— 1) may be neglected. In the small 
terms we are to put 

XsY^V^i* cot^scot^,. 

The second equation gives 

— _ fi^ -f cot* 0f , 
while from the first 
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Now cot«^,= ^et^B, 
mar u 

LL eucc 

X={l + 2{^»-l)8in'tf}^^ 
T.{l+(^._l)|^_i,_^_W^]}+„ 

4ec»>^ " '~2^1+0Ma^' ^^^^ 

From (19) we see that the reflected wave vanUhea when 
COS 4^ss0 ; that ia^ when 

It appears^ theOj that on the hypothesia DsD'^ there would 
be two polarising angles (^i — respectively) whenever the dif- 
ference of rcfranpibility between the two media is small. Since 
nothing of the sort is obsL i N cd, we conclude that D cannot be 
equal to D', and are driven to adopt Green's orij^inal view that 
the rigidity of the ?ether is the same in all media. 

Kesulta substantially equivalent to (19) have been already given 
in a differeiit lurm by Loiliiz*, who, however, has not discussed 
them, but simply says that they cannot be reconciled with Fres- 
ncl's i'ormuloe. Curiously enough he has taken the same particuUr 
case for disproof which 1, without a knowledge of his work, had 
hit upon. Those who have done me the honoar of reading my 
papers on the action of amall particles on light wOl understand 
how I antidpated the two polarising angles by the very different 
prooesB there employed. Loiens draws the eondusion that the 
elaatie force of the lether is the same in all transparent uncrys- 
talline sabetances as m vacuo, and that the vibrations of light 
are performed normally to the plane of polarisation. He mighty 
I think, have omitted the word uncrystaUiM^* 

There is also another peper| by Lorenz on this subject^ in 
which he endeavours to account for the correction to Fresnel's 
tangcnt-fornmla required by experiment, by s\ipposiTi2^ that the 
transition from the one medium to the other, instead of being 

* Pogg. Ann. vol. cxiv. f Fhii. Mag. S. 4. vol. xii. p. 519. 

t Pogg. Jm. vol. esi. 
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sudden as we have hitherto coiisideicd it, occupies a distance not 
immeasurably less than the wave-length, — certainly a very rea- 
sonable supposition. But there are two objections to bis view 
which are, to my mind, fatal. In the first place, Fresnel's tangent* 
formula does not express the result of a sadden tmuition ; and 
what is more, Gieen's fmmuk (17), wbidi does expiew it» de- 
viates from the tmth oq the other side. The diffieolty ii not to 
explain why FresneFs formnla it not aecorately correct, but why 
the divergences from it are not greater than we aetoally find 
them. According to (17), the light reflected at the polarising 
angle from the diamond or any other substances of high refrac- 
tive index would be a very considerable fraction of the whole, 
very much greater than what is observed. Another objrction to 
the view that the light reflected at the polariiing angle is due to 
the want of abruptness in the transition, seems to be contained 
in the consideration thnt, if this were really its origin, it ought 
to show a colour correspond in to the blue of the tirst order in 
Newtoo'a scale, being to all intents and pur|)0scs reflected from 
a thin plate. Observation^ so far as I am aware, gives uo sup- 
port to Huch an idea. 

Cauchy'b lorinul», which differ from (15), (IG), (17) merely 
by the substitutiuu of —6 sin 6 for M, agree very well with ex- 
periment; but 1 cannot regard them as having a sound dyna- 
mical foundation. The introdaction of evanescent waves of the 
kind used by Cauchy involves, as Loreni remarks, a theorv of 
imperfectly elastic media« But the case is even wone than this ; 
for it may, I believe, be ahown that no reasonable theorv could 
lead to the peculiar form of evanescence assumed by Cauchy. 
Let us examine this point. 

in the investigation of Cauchy's formulse as given by Beer, 
we introduce the functions ^ and used by Green, we find that 
4* is still expressed by an exponential function of the same form 
as before, viz 6<(«'*+*j'+ffO. The only difii:rence is that, where&i 
iti Green's theory a'* + 6*=:c*-i-^, the relation between ef, c, 
according to Gauchy, is 

(20) 

where k is the so-called coefficient of extinction. The working 
out is nearly the same as before. Instead of (8) we have 

«'0-<0/=*(^/-X),1^ 

Again, since, according to Cauchy 's principle, m'=ni,' n'=», 
(1)'} becomes, in virtue of (20), 
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(10) is replaced by 

or, by (21), 
From (21), (22), 

From (24) we may iUl biek on Qreea's corresponding equa- 
tioQ (13j by putting *«0, *^=0, *,:A=/a:1; but Cauchy 
supposeR^ on the contrary^ that A', are very large in compa- 
liaon with A*, and writea 

which convert (24) into 
Cauchy lurtiier lakes 

\\k k,J *' 

27r 

to that, since sin 0=b, the solution of the problem is 



={^'-w-i)i»»««}M 



(25) 



It may, liosvevcr, be remarked that Caucby has no right to 
suppose that € ia a coustaut for the rays of different wave-lengths, 
in tact if k and k^ are coDStants, € varies inversely as \ ; so that 
the aame objection arises here as in the theory of Lorens. The 
only difference between (25) and (12), (13) lies in theaubstitu* 
tion of --esin^ for M. It ia therefore nnneoeasary to write 
down the results corresponding to (15), (16), (17), (18). 

But what I wish particularly to point out is the extraordinary 
differencial equation satisfied by ^. By differentiating the ex- 
pression for ^ and substitution in (20), we find 

k^d^ 

1 am at a loss to understand how any mechanical theory of im* 
pcafect elasticity eodd lead to such an equation. If we were to 
speculate as to the most nrobable form of the equation of motion, 
we should perhaps give the preference to 
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bat the form of ^ eo determined it difierent from Cauehv's^ and 
leads to a more complicated solution. On the whole I cannot 
see that Canchy's theory of reflection has any elaim to be consi- 
dered dynamicaly although his formubs are^ beyoad doubt, very 
good epipiricpil representations of the facta. 

I now come to the modification of Green's theory proposed bv 
Hanghton. If M were an arbitrary constant instead of a defi- 
nite function of fi, there would be out little difference between 
the two sets of formulae ; for the factor sin $ would not vaiy 
greatly in the neighbourhood of the polarizing angle, where 
alone the correction to Frcsnel's orijj;iiial expression is sensible. 
So far as the question has been treated cxpernnentally, the ba- 
lance of ev idence seems to be rather against tha?i ftir the factor 
sin 0, I have already remarked that llau'j:ht<)n*s reasons for con- 
sidering M as all iiiilt'pcndent constant cannot be sustained, but 
at the same time 1 think that others of considerable force may 
be given. 

in a 8Uj)pleiiient to his memoir ''On the licticcLion of Light"*, 
Green says : — " Should the radius of the sphere of sensible action 
of the molecular forces bear any finite ratb to X, the length of a 
wave of light| as some philosophers have supposed in order to 
explain the phenomena of dispersion^ instead of an abrupt ter- 
mination of our two media we should have a eontinnons though 
rapid eliange of state of the setherial medium in the immediate 
vicinity of their surface of separation. And I have here endea- 
voured ta show by probable reasoning that the effect of such a 
change would be to diminish greatly the quantity of light re- 
fleeted at the polarizing angle, even for highly refractive sub- 
atances, supposing the light polarized perpendicular to the plane 
of incidence." The coutraat between this view and that of 
Lorenz is remarkable. 

Keferrmg to equation (U), we sec that when u'^n, it reduces to 

m(e»+ l^)t^n^(al^ + ^*)^|. 
Bieasoniog from the aualogy of elastic solids^ we fouud 

w(lI«+6«):m'(a«^-^)«D:D^ , (11) 

Now although the transition between the two media is so sudden 
that the principal wavei^ of transverse vibration** are affected 
nearly in the same way it were iustantaiiLuus, yet we may 
readily imagine that tii( case is different ior the surface-waves, 
whose existence is almost contined to the hiyer of variable den- 
sity. It is probable that the ratio of »i(a^-H^*} ; «4'(tf/'^4-Z»'), 
instead of being equal to 1 : /u.^, approaches much more nearly to 

* Cambridge Tvaos. 1839, or Green's works. 
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a ratio of equality. We may therefore take 

where fi* is leaa than /a^ The solution ii the same as before, 
eieept that now 

This explanation of the deviatiou of M from Green's valnr 
seems to me the most prubable ; but the ground might be taken 
that the densities concerned in the propagation of the so-called 
longitudinal waves are unknown, and may possibly not be the 
ssme as those on which transverse vibrations depend. For sul- 
phnret of arseoie, Jamin's experiments give 

sbowiiiL: that ^4,^ !s very considerably less than /a. 

One of the iiiont remarkable of Jamin's results shows that m 
many cases M is iieLrative, or /iQless than unity. Then' are a few 
substances of an inti ruiediate character forwhichM = 0; and then 
Fresnel's original fiirmulae express the laws of the ph< [loiiuua. 
The value of ^ is usually about 1"45. No adequate ex[>laiiation 
has hitherto been given of the singular law ; and lu the remarks 
which follow I wish to be understood as merely throwing out a 
suggestion whieh may or may not eontain the germ <tf an ex- 
pknation. 

It is known that many solid bodies have the power of oon- 
densing gases on their snrfiuxs, a property on which the action 
of Grove's gss-hattery seems to depend. Now^ if we were to 
suppose that at the surfaces of solid and liquid bodies there ex- 
ista a sheet of condensed air, which need not extend to a distance 
greater than the wave-length, bat is of an optical density corre- 
sponding to about /A = 1*5, the occurrence of negative values of 
M would, I think, be explained. There is nothing h priori very 
improbable in the existence of such a sheet, so far as I am able 
to see; but it is for pxperiment to decide whether the phnio- 
nu na ob-( i \ ( d near the polarizing angle depend in any manner 
on the nature of the gas with which the reflecting body is in 
cuiitact, and whether the sign of M may change from negative 
to positive when vacuum is substituted lor atmospheric air. The 
fact that the vLilue of M for the surface of separation of (say) 
glaaa and water cannot be calculated Iruia the values of M cor- 
responding respectively to glass and air, water and air, seems to 
indicate that the phenomenon is^ eo to speak^ of an accidental 
character. 
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XII, On Mr. liopkins's Method of determmng th$ 7%ieknm of 
the Eari^f Crust, By Arebdeficoti Pratt, M.A,, F»FU8* 

To the Edtiors of the F/uiosuphical Magazine and JoumaL 
Gentlembn^ 

IN my letter in your Number for July of last year I ^vc a 
reply to M. Dclannay on the above subject in a popular 
form, — and in that way cxplainetl th;it^ even it" the Huid interior 
of the earth's mass at any moment revolved with the trust as if 
the two were one solid mass, this state co\dd not rontinue ; the 
crust under the action of the preccssional torce would slip over 
the fluid, not being solidly connected with it. 

M. Dclannay (as reported in 'Nature/ March Ifi, 1871, 
coluiuu 1) has again said that calculations piuvc that the 
thickness of the crust has no influence on the revolution of the 
earth/' I therefore now tend you a cakulttion to Aom that 
the eroft, with an interior fluid nncleoti both folbwing the law 
of deneitv adopted by Laplace, cannot move as it woiud if the 
crust and nneleus were one solid mass, ^ The method I pniane is 
this. At the epoch from which i (the time) is measnred I assnme 
that things are exactly as M. Delaunay supposes, viz. that in- 
ternal friction and visoosity have ledneed the fluid to entire 
obedience at that moment to the movements of the emst. I 
then show by the equations that this state of things cannot con- 
tinue. This mode of taking the problem enables me easily to 
calculate the effect of the fluid pressure on the crust at the epoch ; 
and any minute motion, gradually prnierated in the fluid after 
this for a short time, would enter into the equatious us a qu[in- 
tity of the second and higher orders and may be neglected. The 
slowness ui' the disturbed motion and the viscosity would have 
the effect of prolonging the period through which my equations 
would ^^ppl}'. 

2. The lorccs acting on the crust arc tlic attraction of the sun 
and moon from without, and the pressure ol ihc iluid againsL its 
interior surface ; and the pressure of the fluid is produced by 
the centrifugal force and the attraction of the sun and moon on 
the fluid. As the crust is supposed to be made up of spheroidtl 
shells^ it will haye no effect on the fluid* 

Let s»9, o>3 be the angular velocities of the solid crust round 
any line at right angles to the earth^s axis, another axis at right 
angles to it and lying in the plane of the equator, and the axis 
of rotation ; «• the axes of x, y, z fixed in the body ; A, A^C 
the moments of inertia about those three axes ; L, M the mo- 
ments of the forces acting on the crust about the axes of m 
and y. There will be no moment of forces about r, because 
the resultant effect of each set of forces passes through the axii 
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of z, owing to the symmetry of figure. Hence 

-0*. 

The third equation gives oa^sa^ constant =fi; and the others 
become 



8. The Tilnes of L and M for the aim and moon are knowB 
Iroai the ordiiiarj ptoUem of preceaiMni and natation; th^aie 
caaily ahown to be 

(C— ^)^8ui^oot^ain^i ^{fi^A) ^mn,6mBeM^ 

for the sun, where is the sun's mass, c his mean distance, 9 
and <f> his colatitudc and right ascension f. Similar ezpressious 
are true for the moon^s action. Let them he 

(C— -4) ^^sin ^^ cos 6^ sin ^j, — (C—A) sin 6^ cos ^^cos^^. 

4. I irin now find L and Jtf for the preaanre of the fluid. 
Let r, 9^ ^be the ooordinatea to any point in the inner aorface 
of the emat, and p the finid pressnie. Then pt^miff d^dff is 
the pleasure on an element of the aurface, and acts in the nor- 
maL Let / be the angle tiie normal makea with the earth'a 
aiia. Then by oonica 

/s^.2eeoa^siu^9 

€ being the ellipticity of the inner surface of the crust. Hence 
the pressures parallel to the axes are 

pr^ sin sin / cos j>', ffr^ sin &d^d& . sm / sin ^\ 

and 

|ir»8in e^dipW.co&l', 

also 

«=r8!n ^ C08(/>', y=r8in^8in<^, xr=rco8^. 

* These equations will be found in the Mccanique Celeste, or iniy w ork 
oil the motion of a rigid body. I have taken tbem from my 'Mechauicai 
Philoaophy/ Meond cditioD, p. 425, makmg B^A, 

t Ifeehniiaa FUktofihy, p. 426. 

H2 
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Hence the moment of the fluid pveesnre on this element about 
the axis of » 

^pr^ sin 0'd<pld6' (cos / . sin ^ sin ^' — sin / sin ^.cob0) 

^pr* dn ffd4i/d$' sin ^' cos (/-^) s2cfMi> sin^ ooe^nn^'4^#'« 

patting TIB a, the mean radiot^ because the square of e may be 
neglected. Inte^ting for the whole suHace^ putting cos 0 ssfA% 
the part of L which depends on the fluid pressure 

~^*J J ^pfif^l^un^fdfi'd^'. 

Similarly the part of the moment M which depends on fluid 
pressure 

J -I Jo 

The function under the signs of integration is a Laplaee'a func- 
tion of the second order. 

5. I mnst now fim! p. The centniugai Ibrces ( u any particle 
(jj'y) of the fluid |);irr^llel to j: and y are n'a/ and n'l/. Also, if 
R is the distance oi the sun from that particle, the attraction of 
the sun on it 

d^ 8 

~ dR ' R' 

and similarly of the moon | and the equation of fluid equilibrium 
at the epoch gives 

^ = Jrf.r«sin«^+«rf.^+Arrf.y 

r^, 0, ^ being the coordinates to the particle of fluid. I shall at 
present leave out M (the moon), and, when the efieet of is 
founds add a similar term for it/. Now 

1 1 r' 7^ 

Fj, Pj, . . . being Laplace's coefficients. I shall integrate dp from 
the earth's centre, along to the surface of the crust, keeping 
6' and ^ constant. Then 

p=»«(| + J jV46^+ |(p, f V^'+ap.J 

Substitute this in the formulae of the last paragraph, observing 
that as is to be neglected, the means a and a' may be put for 
r and r'. Observing the properties of Laplace's functiona, and 
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paUing 

me bave the Talue of L for Add prasure 

by integration and a property of LapIace^s fnnctiont 

-%^ef{a) J / V 1 sin ^= ?~-/ta)coi^am«n^. 

SimOarly the valne of the moment ilf for flaid preMure is 
= — — /[a) COB ^ sm a COS 0. 

ITiere will be similar terms for the moon. 
6. Ueuce the final aluea for the moments L and M are 



^C— ^ + ~^^/W)(^ cos ^ sin ^ sin^ + ^^cos^isin^isin^i^ 



('-lgS))^-»"^('*giSl,)»-*- 

then the differential equations become 

4- cos^jsin^isin^A 

— (C— -4)>i«j=— (C—^) ^^€08 ^ sin ^ cos ^ 

+ — g- cos ^1 sm c'l cos 9| J. 

These equations are precisely the same as the ordinary equations 
for fiiiduig precession and nutation in a solid body, 5' and 
being put lor and 3/. The solution, thereluie, puLUng P iOT 
the precession of the crusty leads to 

P= (tiff^09tjt*, 

* Mechanical Philosophy, p. 437* 
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a and /6 being kxiown (quantities mdepeudeut ot tke cruat and 
fluid. 

Let C, A be the values of F, C, A when the whole earth is 
solid. Then 

If wc substitute ioxA, C, A, and neglect the square ot cUip- 
ticities^ wc have 



P 



m.' M & ' a » 0 



Now evidently 

since a and € are grc;^tcr than any other value of d and ^, 
Hence the second factor m the value of Ph-P is s^reater than 
unity ; and the Hrst factor is evidently greater than unity. 
Hence P is greater than or the crust has more processional 
motion during the time my equations hold than the whole earth 
supposed solid. It fdlows, then^ that eren if at anr instant the 
whole arrangement and motimi of the emst and fluid nadeoi 
are the tame as if they were one solid (which really eannot hiro 
ooenrred), ne?ertheleai that state could not continue; and i^is 
a mistake to say that the motion of the emst will be the same 
whether the interior is fluid or solid* 

7. It win bf ohsrrved that the above formula of Precession 
does not comcidf e\;ictly with Mr. Hopkins*s. For when p is 
constant P docb not = P, ns he says it does. The fact is, that 
my calculation nbo\ e is purposely made on the hypothesis of M. 
Delaunay's view bemg true, and that, at least for a time, the 
instantaneous axis of rotation of the fluid coincides with the axis 
of the crust ; and I slunv th.it the hypothesis immediately breaks 
down ; whereas Mr. Uupkina assumes from the beginning the 
correct state of things, that the instantaneous axis of rotation of 

• Med»ncslPhiIosii|qr»p.fi34. 



Digitized by Google 



On the DeUction of had Inndaton on Td^n^h Lmu. 108 

the fluid does not mr ooinddeeancthr with the axis of the crust, 
uid he obteins what amounts to the Allowing fonnnhiy 

J/ -ST ^' + J/' w ^' }/~dir^ 

which diifers from mine by one term in the first deuomiDator* 
This, it will be seen, equals unity wheu p' is coustaut* 

1 am, 
Yours faithfully, 

John H. Pratt. 

Cslenttm June 9, 1871. 



XIII. On a PraeHcfd Method far detecting had Ineukton on 
Telegnq»h Unet. By Lovis Schwindlbb, Biq.* 

ONE of the many practical measures, aud cciLainly nut one . 
of the least important, introduced during the last few 
years with the view of inereasing the efficiency of the telegraph 
department, is the establishment of a scientific syatem of testing 
materiala and inBtniments employed on the line. Many 
pxactical results have already been obtained therefrom ; bnt it ia 
not the object of the present communication to enter into the 
details of this most interesting subject ; I will only point out 
one important iact that has been established : — 

A gnat nutug Unee m India contain electricaUy defective tncif* 
UUore — some to such an extent as to lower the insulation to a 
d^pree which is fatal to the direct and regular working of long lines. 
How such insulators could crcpp in, notwithstanding the 
care taken m England to secure elhcient telegraph stores for 
Tnclia, is a question with which I cannot deal at present, but 
which may perhaps form the subject of a future paper when 
more data have been collected t» 

The very fact that electrically defective insulators, showing 
nothing externailyi do exist and are distributed over lines of such 

* Fhna the Phxeedingt of the AsiatieSodely of Bengal forMsidi 1871. 

Communiotted by the Author. 

t T!ic cniise for the low iimtilation of insulators f^eems to be the porous 
state oi M>me porcelain, through which a minute quantity of water difi'uses 
itself in time. Whsa sn imperfeet insulstor is heated, it slwayi hecomes 
perfect ; bat mitnened s mmdently long time in water It heoomes again 
imperff ct. 

The K iika-^e seemn to be invariably in that part of s porcelain which it 
cemented m the iron hood. 
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vast extent^ has created the neeemtyo^ ^^^i^S ^ z<diable method 
by which iiich inaalfttort ean be detected^ and other petfeetonet 
•abstitnted with the least pouible espenee. 

It ia clear that such a method, to be practicable, mtut be Teiy 
simple, and the instraments used portable and bandy^. 

After some aearchiog in this direction, the i'ul lowing method 
was foand to answer the purpose most satisfactorily* 

The principle of the method is to produce magneto-electric 
cnrrents through the resistance of the insulator under test, and 
to measure these earrents by the effect they have on the body of 
the tester. 

The subjoined diagram shows the conoexious readily. 




J is a magneto- electric machine, the two terminals / and /' of 
which are insulated Irum each other nnd ivoiu the ground. 

/ is in permanent contact with a perfectly insulated leading 
wire I, long enough to reach the insulator, to the iron hood of 
which it is to be hooked. 

* To use ft deflection method u out of the question, because the still 
comparntively hiirh resi^tnnrr of the insulator^ wliich have to be iletccted 
woiiltl iiecessitntf a hij^li elcelromotivc force nnd a vitx tlclicate gtilvRno- 
meter, which arraugemei)t4 couUI not he tuadc easily purtuble, a« is mjuired 

when tbe tester pnweeds sioiig a line. 
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I' ift in pennaneot ooimexioii with the clamp c, to which it 
fixed a tinaU pktinain knob m ; and both the dampe e and are 
pennanently connected with each other. A well-insulated lead- 
ing wire^ II, which ie to be hooked on to the biaeket of the insa* 
later under test, is io contact with the moveable platinum knob 
m', which, however, is insulated from e' when pressed down, but 
which in its position of rest (or when not pressed down short) 
closes the circuit between e and t/ at /. 

The whole arrangement is constructed light but strong, pro- 
tected from rain, and can be carried along the line by one man 
only. 

The tester proccfds a«; follows: — 

After iiaviuc cleaned the insulator carefully, he removes tem- 
porarily the line from the insulator and hooks the leading wire 
No. I to the iron hood, and leading wire No. II to the bracket 
of the insulator. He then turns the handle of the magneto- 
electric machine with one hand, while one linger of the other is 
resting on the knob m ui clamp c. 

As soon as he touches with the other finger the knob m' of 
damp c', at the same time pressing it down, the metallic circuit 
between c and m! is opened, and the poMtive and negative mag- 
neto-electric currents nave to pass from one finger to the other, 
and consequently, if strong enough, will give the tester sensible 
shocks, by which he is at once informed that the insulator under 
test is defeetive, and much under the fixed standard of insulation. 

If the tester does not feel any current through his fingers (a 
eomparatively rough galvanoscope), he has only to repeat the 
experiment by placing his tongue on the knob m while his hand 
still presses the knob m! down. If no current is felt by the 
tester through this most delicate galvanoscope (the tongue), he 
can rest assured that the insulator is perfect for all practical 
purposes. 

By opening and closiiit: the circuit alternately at the knob m' 
the tester has it in his power to allow at sliort intorvnls currents 
to pass through his tougue^ and consequently wiii be able to de- 
tect the j^lic-htest induction-currents. 

The folIow inL'- experiments were made with insulators of known 
resistance, to a.scei Lain the highest limit by which the tongue is 
still able to detect induction-currents. 

The cnrr^ts in these experiments were produced by one of 
Siemens's well-known dial instmments, the revolving bobbin of 
which bad a resistance = 1577 S. units. 

lie absolute resistance of each insulator was first carefully 
measured in the ordinaiy manner without water in the porcelain 
cnpSj and the insulator afterwards tested by the method above 
described. 
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No. ofmuktor. 



8.iiiiilg. 



Strength of magneto^lectric ctxirent* 
(ta indicated by tiM human body) 
thnra^ the resi8tanc« of the IMII- 



lator under test. 



1. 
1. 
A. 
4. 



013 

0 145 

0-7S 



Strong flhoekl felt by ^ugcrt* 
do. do. 
4o* do. 
do, do. 



^ ' No shocks felt bv fin c^cn, bat good 



Slight shocks felt by fingers. 



S80 



shocks tbrougii tongue. 



570 



, ' No thodu felt by tongue, but « 



strong acid taste. 
Distinct but slight add tasto 

do. do. 
Nothing felt bj tonguo. 



8. 

9. 
10. 
11. 
U. 
13. 
14. 



M 
8-2 

82-0 
189 0 



do. do. 

do. do. 

do* do. 

do. do. 



Tram these eiperimento it fbUowe that all miukton offeiing 
E raaistaiiee np to about 1 millim. 8. unit can be detected 
the fiogera, and those above 1 millim« and under 8 millims. can 
be unnuatakably detected by the tongue. It appeared alao that 
tonguea of difoent penons were equally sensitive, since sereral 
peraoni (Enropeana and natives) acknowledged the known acid 
taate, even Uirough the insulator No. 9« having 8*2 miliima. 8. 
units resistance. 

The highest limit of the method could, of course, be increased 
by filling the revolving bobbin of the oiap:rieto- electric maciiinc 
with much tiner wire and increasing tht number of permanent 
magnets; however this will be scarcely necessary^, becanpe it 
seems to be a fact that if an insulator has more than about 8 
millims., the resistance is generally so high as to be practically 
iuiiiiite, and therefore a greater sensitiveness of the instrument 
would only complicate the method. 

As it is intended that the tester himself should turn the handle 
of the magneto-eleetric machine, he has it entirely in his power 
to regulate the strength of the induction-currenta by turning 
faster or slower; and aa, besides this, he slways begins the test- 
ing by at first sending the currents through his fingers, no 
severe shocks can occur to him in the aubaequeut operation. 

The method has also a safeguard in itself against carelessly 
rejecting good insulators, beeause the tester will certainly be 
careful in having the insulator properly cleaned before testing it^ 
in order to avoid severe shocks. 

There can also be scarcely any doubt that the tongue ia the 
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best detector in thia particular ca^c, because it 13 sutEeieiitly sen- 
sitive^ never gets out of order, and iudicates almost motncutary 
cozraite $ it IB besides the cheapest instrument that could be used. 

Noie.—lhM method miy also with advantage be used for de- 
teeting bed iointa in a telegraph liae. It is then only neeeaiaiy 
to connect the two ends of the joint to the two terminala of the 
megneto-deetrie machine in anch a way that the body of the 
tester acts as a shunt to the joint* 

A joint which offen a resistance of not less than 5 S. units 
aUowa a current to pass sufficiently strong to be detected by the 
tongoe ; but if the joint has a resistance of more than 200 S. unitSj 
the current passing is strong enongh to be felt already by the 
fingers of the tester. 



XrV. Investigation of the Law of the Progress of Accuracy, in 
the ttsual process for forming a Plane i^w/oce* By GJBOJfcGS 
BiDDELL Aiar^ Astronomer lioyal*, 

IN order to form a plane surface, itMs usual to take three 
surfaces (which I shall call A, C), and to grind A with 
B till they fit together, then to grind B with then to grind C 
with A. (I shall call each of these grindings a rub, and the 
system of three rubs an operation.) And the problem which I 
propose is, to find the deviation of each surface from a pianCi 
after n operations, expressed as a function of n. 

I shall assume that at each rub the surfaces are worked into 
perfect contact. Putting A and li for the prominences of special 
parts of the surfaces of A and B above a mean plane, and put- 
ting A' and B' for the state to which they arc changed after the 
rub, and remarking that convexity of one corrcs[)(nui.s to conca- 
vity of the other, A'+B' must = 0. I shall also assume that 
equal portions are worked off the two surfaces — that is, that 
A^A'sB— B^. These equations give 

A'ssJA-iB, B'=-iA+iB, 

Considering now the effect produced by the first of all the 
operations^ the expressions for the prominences are as follows 



Before rubbing , 
After first rub . 
After second rub. 
After third rub,"^ 
completing the > 
first operation. J 



+ iA-J^B 
+iA-iB 

+ iA-JB-iC 



B 

-iA + iB 
-iA+lB-iC 

-iA + iB-iC 



C 
C 

+iA-iB + iC 
-4A+iB+iC 



* ComttiiDieslod hf the Author. 
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I ahall not delay longer on tlua first operatioD, except to mike 
the following remark. At the end of thie fint operation^ the 
new valnes of A and C are equal but with o])po8ite tignt ; and 
it is evident that the lame remark will apply to the reaoit of 
ererv sacceeding operation. But it did not apply to the valnea 
A, G with which we btarted. We must therefore coDsider these 
values obtained after the firat operation aa the beginning ol the 
eymbolieal aeries ; and we may eall them A^ B||^ --A^ 

Suppose now that we have gone through n operations, forming 
the values A.^ — A„ ; and that we examine the effect of the 



Before rubbing . 

After first rub . 

After second rub. 

After third rub,*^ 
compl eting the I 

n+l)tb ope- I 
ration • • J 

Which are the 
aame aa 



} 



We have 




An 




+ iA.-iB, 




+ iA,-iB. 




+ JA,-iB„ 


+iA. + iB, 


A«^i 


B»4.i 


the equations 





-A. 
-A. 

-iA.+iB. 



-A 



■H-l 



B,+i« + -i A, + -J Bit« 

Multiply the teeond by an indeterminate eonttutj*, and add it 
to the fint; then 

(A.+, . B,+0 = (4 + 4^ ) A. + (-1 + 4 /,) li., 

-(I+|.;.{a.+^b.}. 

Determine p so that ^j^^ '» P**' 9 correspond- 
3 1 

ing value of -g- + -^Jf* Then the equation is 

(A.+I +p . B^i) 8^ . (A» +/» . Bt), 

of which the solution is 

A.+;i.B^=E.g-+^ 

where E is a constant, to be determined so aa to satisfy initial 
drcumstanccs, and where may be fractional. 
As the equation for p will he a quadratic, there will be two 
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values of two corresponding values of and two permissible 
values of £ and oifii and the aointioni will be 

from wfaidi A« and B«^ay be found. 

Forming the equation tovp, we find +;> + 1 = 0 ; the roots 
of which may be expressed in the form 

and tubstitating in the formula + -jPf 
Let 

cos «= x/-^, siu *= (a=69° 17' 43" nearly); 
then it will he found that 

- V^Ij =s cos 3«, — %/^=»8in3«; 
and the ^presaiona become 

""V^y ' * ~" ^ — 1 . em aj, 
5^=— v^-i . (co8 3«+ v^^.sinS*), 

— v^-g- . (cos 3«-- — 1 . sin 3a). 

It appears here that (pY=q\ and ( yO*=9' » and this is verified 
in the following manner. Prom the equation for p just employed^ 

0= ^jp*^-p-^ 

The sum ia 

Thenfim (jiO'^'t— 7?'* *■> *^ Moimd term of the 



9 
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equation, 

and therefore W^ = q". Similarly {f)' = <f> 

The expressions forjo and q may be mure conveniently put m 
the following form : — 

|>"5=v/-^ • {cosa+TT + %<^— 1 .ain«+7rj> 
^'=^1 . {co83« + 37r- . sin a« + 3w^i; 

and 

(-g)*'' » . {cos (m^ • 3« + 37r) 

+ . sin (»+^.8«+air)}. 

Ill algebraic generality there is nothing to prevent E from 
consisting of two terms, one being imaginary. But such an 
expression could be put under the forai of a cosine and a sine 
v.ith imaginary' factor, and its effect would be simply to add a 
coubtaiit to the constant /S, and nothing would really be gained 
in generality. Andj upon attempting to solve the equations for 
An and B^, it would be fbnnd immediately tliat the eondition of 
real values for and NQVuiea that E' and V be equals and 
tbat ff and ^ be equal. The equations are therefore to be used 
in this form: — 

First, taking their difference, we find 

Second, multiplying the first equation by y'=(^)^ and the 
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aeeondby pf=(gf')K 

and subtnctinj; the upper from the lower, 

— 3^/ J . . sin (« -f-Tr) . A» 

« -2E . (|)^^*^» . >/ - 1 . sin + i + ^ . 3a + ^ttJ^ 
from which 

ftlD(ft+w) V"/ V 3 ^ 

The complicated cuostant E..;,—^—!! — may be expressed aa a 
*^ §m(a+7r) 

aiagla ooQitant If, and then we have 

B« s — V . "^^ . sin • 8a + 37r). 

The eonttonta F and /9 are to be determined by making 

Bo== ♦ (y)* . tin 08 . 8-i+««r). 

It has b( en found by actual Bubstitution tbat the values found 
for A„ aud B„ satisfy the origiQal equations. I consider this 
proof of correctness to be necessary when real values are in- 
ferred irom a process conducted by meaus of imaginary quan* 
titiea. 

It is worthy of remark that the exprrssion for the amount ol 

prominence consists, in each case, of the product of two terms 

which vary with the mimbcr of operations. The second term is 

periodical, showmp; that the prominence may even chanire sign. 

But the first shows a rapid decrease in geometrical progression : 

one operation makes a reduction in the proportion of 14:5 

nearly ; two operations^ in the proportion of 8 : 1 ; four operations, 

in the proportion of 64 : 1, &c. The rapid approach to a truly 

plane surface is thus explained* 

Bojal Obscnaton, Greenwich, 
July 11, 1871. 
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XV. 0» Statical and Dynamcd Idea$ in Cymktry, — Part. IIL 
The Atomic Theory, By Edmund J. Mills, D,8c,* 

Introducton' Remarks. Primary postulate of the atomictheory. Dalton's 
Tievrs. Atomic motiou. The sinj^ular rclutious of furmul<e and symboU 
neither surest nor prove the ezufeence of indiTisibles j the equmtorial 
method leads only to a least common multiple. Instances of the 8up« 
posed explanation of isomerism on atomic principles : chcnuoHl structure. 
Definite proportions maj^ be consistent with infinite divisibility, and are 
emuiileiit with oontiatrity: iUuetnidoiu. AbteDce of eridenoe fl^ 
naMer and division are mutually related : ap)>eal to philosophy neoet* 
sary. Digby''' prnnf that then' -ire no parts in qnaiititv The Titoniic 
theor}' shares in the luUacy of materiahsm, — and uf the absolute, so far 
as that is fallacious. Actual realization of the atom : parallel from 
phlof^tton. Inataneet of uncertain and contra^lictory results. Opiniou 
of Newton, Descartea, LeiboitSt Kant, Davy, Wollaatont and Faraday. 
I^ature of the itmie* 

A CRITICAL examination of some of the leading ideas rela* 
tioff to Chemical Functions and Chemical Sabstancefy 
conducts, by an easy and simple transition, to a discussion of 

the Atomic Theory. If the reader will admit as sound the cha* 
racteristic of a universal criterion pointed out in Part I.^ he may 
now feel an interest in reading the oldest legend of systematic 
physics by the light of the latest and best devdopment of modem 
science. The idea of motion, which is the criterion in question, 
comes inevitably to be accepted as the sole reliable guide, when 
R crnide sought ill gcientitic controversy: it does not appeal to 
nor is it derived from this or that authority; but, as the common 
property of every oiu wIjo 1 1 llects, and drives his conclusions to 
their end, it is immedmltiy and independently available. 

The primary postulate of the atomic theory is the existence of 
ijidiN isibles. From this demand it has never receded, whatever 
may have bcci;i the state of contemporary science. From Lucre- 
tius^ whose lines 

Ha c iieque dissolvi pla^jis extrin?^rt n> i( fa 

Tossiint ; ncc porro penitus pciu ti atii letexi; 

Nec rauoue tjUfUiU alia tentatu labaro. [1. 531-533.J 

[Nor, stnick with mitrr hlo\v«, ran these dissolve ; 
Nor, penetrated deep, be disentw ituni ; 
Nor, tried in other mode, can wavi r aught.] 

ere explicit upon this point, to the majority of modern chemical 
writers, this suppOMtion pursues an undeviating course. Upon 
the different properties of these indivisibles, however, all their 

* CousmuDicated hy the Author, 
t Phil. Mag. 8. 4. vol. x1. p. 269. 
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defenders are not a^rreed. Dalton, for example (New System, 
pp. 135, 136), conceives watrr to have an internal constitution 
resembling square piles ot shot arranged iu successive horizontal 
strata. " A vessel lull of any pure clastic fluid " also " presents 
to the imagination a picture like one full of small shot " (pp. 147 
& 189). When two gases are mixed, an intestine motion ensues, 
and continues " till the particles arrive at the opposite surface of 
the vessel agaiust any point of which they can rest with stability, 
and the euuilibrium at length is acquired wlicii each gas is uni- 
formly dinliied throagh the other" (p. 190). Solids likewise 
coiinat of amnged particles (p. 209). Hence it is evident that 
Daiton regardedatoms as enjoying a perfect repose, uDleaa when 
raeehanieally or chemically disturbed. lo this purely statical 
contemplation he has been followed by most ehemistS| some of 
wliom have believed themselves to dissent wholly from his theory. 
What is the theory of types, but an emanation from the prime 
idea involved in the celebrated figures at the end of the * New 
System ' ? The wooden models with which Dalton illustrated his 
lectures have reappeared as glyptic formulae ; and the material 
existence of their connecting wires is perpetuated in the lines or 
"bonds" of graphic forniul[r. 

But atoms liave been considerctl from another point of view. 
It has been found by not a few thmkers that rest is a condition 
which falsely represents the facts of nature, and that atoms must 
therefore be conceived as moving with an mdustry to which cessa- 
tion is unknown. On this view, the state of dissolved salts and 
the process of precipitation are exphuucd much a^s Bcrthollet ex- 
plained them, only in corpuscular language. Supposing, for 
example, hydric chloride be added to aqueous cupric sulphate. 
That cupric chloride is formed is shown b^ the green colofAtion 
that ensues. Hence there has been a partition of the copper. This 
is accounted for by supposing all the atoms in the mixture to 
move constantly — ^by adopting, in short, the theory of gfeatest 
effort. Another chemist observes that if all the atoms were per- 
fectly free to move, no compound could be stable, and conse- 
quently brings forward an hypothesis of limited atomic mobility.'^ 

Considerations derived from chemical formulse have frequently 
been adduced in favour of the atomic theoiy, and therefore de- 
serve attention. The formulse themselves were at first the results 
of experimental facts in quantitative analysis, and arc therefore 
independent of theory. Dalton hrst applied a method of sym- 
bolic ratios, in which attention was especially drawn, first, to a 
standard unit for each element, and secondly to that unit's co- 
efficient. The standard unit is then taken as the atom; a ne- 
cessary consequence of which supposition is, that all coefficients 
must be integral. It will be observed, however, that we aic now 

Pkil. Mag. ^. 4. Vol. 42. No. 278. Aug. 1871. I 
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no loi^irrr dcalinsr with fact but with a crude conjecture; and 
the weU-kiiowu rules vaiven by Dalton for ascertaining the com- 
plexity of a combinaiioii, and intended to developc liis system of 
ratios, arc more conjectural atill : — If only one combination of 
two elements exist, it must be presumed to be binary; when 
three combinations are obtained, we may expect one to be a bi- 
nary, and the other two temaiy, and ab on*. BeneUns himidf 
felt enamonred of the theory, and oecanonalljr tamed aaide from 
the path of indnction to gneaawork of a aimdar kind ^— Strong 
baaee oonaiat of a radical taken onoe, combined with oxygen taken 
oncef; and, ''if a oombuatible radical t anite with oxygen in 
several proportiona, these are compared^ and the result is reduced 
to the amalleat number of atoma poaaible." With the introdoetion 
of the word«9iin»fai/ by Wollaston, the symbolic unit acqnired a 
new implication; and the historical reader is familiar with the con- 
fusion produced and maintained for very many ycarf< bythin inser- 
tion of a ppcniiarly dynamical idea in the ungenial soil of contempo- 
rary speciikitioii. Writers of text-books failed to uiulLTstand tiieir 
position ; and the science was still strugghng underground wIr u 
the splendid discovery of Dulong and Petit gave it vigour and fo- 
liage. This discovery, indeed, was left to other hands to improve 
or perfect ; but by the distinct relation it evinced between the sym- 
bolic staiuiard and specific heat, decision and certainty were able 
to displace coujcctui c. Another important step was to adopt a 
uniform understanding as to the relation of composition to specific 
gravity of vapour, thu nndentanding having been based upon 
formuuD which had been determined by the previously enating 
eanona. The indications afiPorded by isomorphism are of minor 
value. But throughout these various processes — establishing 
by analytical comparison certain atandara units and ratios, dis- 
covering that certain of these were connected with the specific 
heat by a simple law, that to these a uniform vapour-volume 
may be assignedt and that similarity of chemical function fre> 
qnently involves similarity of form (another function) — where 
does indivisibility suggest' itself ? Still less is the existence of 
an atom proved. 

I now pass from the singnlar relations of fonmilnp to consider 
them as existing in eqtintions. Let it bo rr(|mred, for instaTiro, 
to find the formula ot Ix nzol. The \;dues C = 12, 11 = i arc 
given. The analytical rebult, m terais of these values, is C H. 
Recourse is then had to chlorinatiou, which occurs, or may be 
taken to occur, in successive stages ; the product at each stage 
is analyzed (01 = 355), and tiiu corresponding uummum equa- 
tions are written thus 

• New System, p. 

t Traite de Chimie [Esslinger], vol. iv. p. 604 . 
X TUoHm dm. Proporiwu Ckmiques (1819), p. 117. 
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ResaltiDg symbols. Generating symbolt. 

C«H*C1+ HCl=C«m+ Cl« 
C«H«C1 + HC1=C«H»+ Cl\ 
C«H CH- HC1=C«H«+ Cl« 
C»H CP+2HC1«C»H»+2CP, 
C«H C1*+6HC1=C«H«+6C1« 
C CI + HCl=rC H + CR 

The passage from chlorine tlcnvative to parent compouud is 
effected by the nnmerical exchange of CI for H, the validity of 
which need not be disputed, though it is often much misunder- 
stood. W€ then have four fonnulai— C« U«, C» H^, C« H«, C H 
— between whieh to choose. Now the equational method^ if I 
may so teim it^ does not exaedy choose hetween these, hat taku 
tie Itoft common muU^ oftkm, and, on tkai pwmd, deddes 
on 0* as the fonnnla of beniol. The doctrine of replacement 
in saocessive stages (as, for instance, the treble ethylation of 
ammonia) is snbstantially identical in its symbolic exposition 
with the equational method. Now this method is held to point 
out that the " atom of bensol weighs U^." Is it necessary to 
indicate that the use of the process for finding the least common 
multiple is not atomic, and that, if so, arithmetic should also 
possess its atomic theory ? 

If the prejudices of educatinn were less complete or less closely 
ictprtwined thnn they nrv, I might hopefully ask atomic theorists 
wljL ther, as ])rotc8sedly inductive reasoners, they are still pleased 
to accept these shadows for reality. My argument may have a 
better fortune, perhaps, with those who sit loose to theory, or at 
least will not voluntarily put on the shirt of Nessus. Accord- 
ingly, It may be advantageous if, after proceeding Iroui the con- 
struction of symbols to equations, wc visit the atomic tbeoi*y in 
a spot that is peculiarly its home, namely the province of iso- 
merism. It is here that, we are told, the greatest victories of that 
theory have been won, that it is of the highest practieal utility, and 
where, without it, we can conceiye no other goide to an explana- 
tion*. The following spedal case, which, I believe, has no excep- 
tional features, is selected from Kdcnl^*s Lehrbuch (vol. ii.pp.257, 
258), and relates to the well-known instances of the two isomers 
O* and the three isomers These bodies, which 

are known as fumaric and maleic acid, and itaconic, citraconic, and 
mesaconic acid, respectively, unite each with the same quantity, 
of hydrogen to form succmic acid, C'* O**, and pyrotartaric 
arid, C^H^O*. Each of the isomers combines also with the 
sFiirie weight of bromine ; but, contrary to expectation (based on 
the hydrogenating experiments), two dibromosuccinic acids, 
Biitnh Aworiation Report for 1870 s TransMtioiis of Sections, p. 46. 
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C* H** Br* 0*, and tliree dibrooio-pyrotartrates (C^ Br* 0^) are 
formed. Wc have therefore to explain how it is that these facts, 
assurainn; tiicm to be true, are compatible with each other* Ke« 
kule proceeds as follows : — 

"In acc i>iil:mce with the views relating to the atomicity of the 
elements which we have previously unfolded on several occasions 
(see especially § 1369), all the affinities of the atoms comprisiog 
the moltetile of eoeiaiiie (or its homdoguc pyrotartaric) acid are 
aatorated ; these acids constitute^ in a manner, closed molecules. 
They contain two atoms of Ijpical oxygen, that is, oxygen bound 
on to carbon by only one of its two units of affinity. Two hy- 
drogen atoms are united with the carbon only through the inter- 
vention of these typical oxygen atoms. These two typical 
hydrogen atoms are essily displaceable by metals ; but there are 
two other oxygen atoms present which are attached to the carbon 
by two units of affinity, aud consequently, in the language of the 
type theory, belong to the radical. 

"Now, it is easy to see that, in addition to these two typical 
hydro^reii atoms, snrrinic has four, and pyrotartaric acul six, 
more atoms of livdrogen. Tins hydrogen, whicli in the lanirua^rc 
ot type theory hcliMii^s to tlie radical, is, according to liie theory 
of the atomicity oi the elements, directly combined with the 
carbon — in fact, in such a manner that two hydrogen atoms are 
alwavH luiited with the same carbon atom. 

" Next, let us assume that two such hydrogen atoms arc absent 
{fehlen) from one or other of these two normal acids j we have, 
on the one hand, the eomposition of fumaric and maleic acid, 
the formuke of itaconic, citraconi^, and mesaconic add on the 
other. But since io succinic acid two pairs of such hydrogen 
atoms are bound to the carbon, two acids may evidently exist with 
less hydrogen ; and similarly, in the case of pyrotartaric add, we 
can understand how there may be three isomers with less hydro- 
gen, according to the absence of one or other of the three pairs 
of hydrogen atoms, which in the normal substance are directly 
united with the carbon. 

At that place in the molecule whence the two hydrogen atom a 
arc absent, two units of affinity of the carbon are left unsaturated ; 
at that place there is, so to speak, a gap. Hence we cm explain 
the exceptional facility with which these substanrrs nnite, hv way 
of addition, with hydrogen or bromine. The tree units ot ath- 
nity of the carbon make an effort to saturate themselves, and so 
to till up the gap. 

"If hvd rogen be introduced into these unoccupied spaces, all 
carbon atoms withm the molecule are united to the same ele- 
ment — hydrogen; there aj)])ears no ground for the existence 
of differently modified normal substances a& so obtained. lu 
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fact, only one soceinic and one pyrotartanc acid an at present 

known. 

"it, oa the otlier Land, bromine be put m those same unoc- 
cupied spaces, tise carbon within the moK rulf is partly united 
with hydrogen, partly with bromine ; and U is readily perceived 
that different modifications of such bromo-acids must nt ctssui ily 
exist, accoriiaig as the bromine tiuds itself in one or the other of 
those spaces." 

This mode of explanation is now virtually common to all 
atomic theorists. It is assumed that substances consist of mole- 
cnlesy these again of atoms ; that determinate space or position 
(SteUe) is eoneeivable without atoms, and exists indeed in their 
abaence; and that into this spaoe there stretch at all times mys- 
terious units of affinity, wfiich, when the atoms are no longer 
present, strive after combination. But if all chemical substances 
consist of atoms, and position is possible without them, how can 
such position be known or determined f According to Hegel, 
pure being ia pure nothing ; and we may assign pure position to 
the same category. But determinate space or position, with the 
only thing that can determine it taken away, is contradiction 
itself. Still more unsatisfactory are the units of affinity (Ver- 
wandtchaftseinheiten^ . They cannot be chemical substaiuT, or 
they would be identical witii the atom : they cannot be dyna- 
mical units, similar to foot-pounds, for no such integral relations 
as they would then prtsent have been found in the measurements 
of chemical action. Yet unquestionaijiy dynamical language is 
used of them ; they are said to make an effort," to bind on,'* 
**to rivet together," &c. It is uiuch tu be deplored thai no 
atomic theorist has yet thrown hght on the obscure question of 
units of affinity, or even stated in clear terms what he means by 
them. lu the absence of any such statement, I shaU dasa them, 
aa pure number, in the roomy category of Hegel. 

If any one were to observe under a micmcope a small insect 
with cephalic, thoracic, and abdominal appendages, and were 
afterwards to assert that these were six in number, there being 
two of each name-^hat he had removed two of them, which the 
insect made a proportionate effort to reunite to its body^ and 
that aa the remaining four were removed an increased straggle 
waa manifest — such statements, I say, would be conceivably 
true. But when language like this is used to explain to me the 
"structure'' of a succinate, I decline to accept either its sub- 
stance or its form, Tintil the facts alleged of the succinate are 
put upon the same footing as those asserted of the insect. Until 
tlitii, units of affinity" may be considered as false an expres- 
sion as " units of hunger " would be now. 

Kekttle himself, by admitting a class of isomers " im engereu 
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Sinne/' has tacitly showQ the weakueM of tbe atomic interpreta^ 
tioD of isomerism. 

Those who consider isomerism explained by such methods as 
have just been discussed, must understand by an explanatitm 
something dilltrent from the scientific meaning of that termr A 
phenomenon is explained when it ia shown to be a part or in- 
stance of one or more known and more general phenomena, 
laomeriam ia not« therefore, explained hy aaaertiona about indi- 
viaiblesj which have neither been themaelvea diaeovered nor 
ahown to have any analogy in the faeta or course of nature— nor 
by explicit atatementa abont a "stmcture" which has never 
1)( en seen — ^nor by the nae of a phraae to whieh no clear defini* 
tion has been, or can be, attached. 

Before isomeriim had acquired the importance it now poa- 
Besses, the great argument in favour of the atomic theory wma 
that the law of multiple and that of definite proportions unde- 
niably represent facts which can be explained only by the exist- 
ence of nt(mis. Here the inadequate and idle iiotmn of an 

exphmiition " recurs. I have already (p. 115) expoiied the fal- 
lacv of »uj>posiug that the equatioind method of arriving at 
iormulaj is any thingr more than the antlunetical process of taking 
the least common multipie — and pointed out the imau'inary 
nature of IjaUoii's rules (p. 114); and formulie that have 
been obtained by these means, in order to affirm ihe law ut mul- 
tiple or dctinitc proportions, are condemned accordingly. But 
the exact point of this argument, lo far aa it haa not been allnded 
to already, liea in the fijlowing oonaideraticma. Supposing an 
aqneona aolntion of hydric duoride be mixed with aoceeaaiire 
email qnantitiea of aoAc hydrate. Sereral aetiona oeenr; but 
cooaidar for a moment onlv that one whereby the hydrojgen of 
the hydric ehloridc is exchanged for sodium. It ia qnite evi- 
dent tnat, on each addition of the sodic hydrate, a new compound 
ought to be produced containing, say, the whole of the sodinm, 
in the form H, Na, CI, ; and aa the quantity of the sodium may 
be varied infinitely at pleasure, an infinite variety of hydrosodie 
chlorides must, if matter be infinitely divisible, be the resnlt of 
the process. Bnt not onlv doe«» ^neh n vnriety not nrise, there 
is li perfect absence of any hydrosodie compound ; tor the sole 
product of the reaction in every case is sodic chloride, Na CI. 
Hence it is inferred that matter cannot be iutinitely divisible— 
that there has been a saUm — \\\ short, that atoms exist. 

Now this is a question of a constant ratio eonsidered as ex- 
isting between sodium and chlorine when brought tosrether 
under conditions which need not be constant. As the mixture 
is made, the sodium and chlorine are unijuestionably divided bv 
being cUaaohdl m a larger quantity of hqoid thm befim. U 
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10 grammes of sodium were originally present, they now con- 
sist of two lots of, say, 5 grarjimcs each. This makes it quite 
conceivable that, without the addition of any more of the solvent, 
tbe division may continne of its own accord, say, into ten lots of 
1 gramme each, a thousand lots of a decigramme each, ami so 
on, without limit. The same is true of the chlorine. On vn- 
deavouring to prepare a compound iiuiii the solution, onlv (me 
is obtained with an invariable ratio between the sodium and llie 
cUoriiie. Tbe reason of this phenomenoD is presumed to be 
unknoirD and to be now sought. I can only say that the fact^ 
horn the above point of view^ is as coneeivable on tbe inpposi- 
tion of continuous as it is upon tbat of limited division. Two 
pbenomena continuously proceeding without obvious end (ma- 
thematical infinites ^0 are well known to be capable of a finite 
latio. Through one point an infinite number of curves may be 
drawn. The neutralisation of aqueous hydric chloride is some- 
thing like the process of differentiation, and its result^ a con- 
stant finite ratiOy like a differential coefficient* Or take as an 
illustration the properties of the machine known as the " g^ 
metric chuck/' By a suitable combination of circular move- 
ments, tlii? beautiful irritrnmrnt is capable of describing an end- 
less variety of curves, one of which is roughly represented in the 
margin : such a figure is drawn by a motion which i& visibly 
continuous, even at the three points, throughout the entire 
period of delineation ; when it has been described, the maeluue 
proceeds to draw an exactly similar triangle, which it accurately 
suj)eriuiposes on the first, and so uu, to any num- 
ber of triangles. The number of points in the 
figure is regulated by previous adiustment of the 
constants of the machine; but the mass of the 
instrament, its rate of motion, and the number 
of times it is resolved (beyond the eonatmetion- 
minimnm) have nothing to do with the resulting figure. The 
definite proportions of chemistry, in like manner, precede or 
accompany each of onr eiperiments ; they are independent of 
maaStrate of action, repetition of action; and doubtless they 
are produced, like these pmnts, by compound uninterrupted 
motion. They certainly suggest nothing that is by nature 
atomic. These mathematical conceptions, however, involve no 
breach of continuity, which is rather their essential condition ; 
and the chemical phrnnmcnon is at least as conceivable as ihey 
are without introducing the supposition of a limit. 

I may adduce the process ot dilFusion as one that, in accord- 
ance with the large ninuber of exY^erimeats already mnde, is pro- 
bably cajiable of continuance without any clear reason Icr a limit. 
Yet if matter consisted of indivisibles, some tugu, at any rate, of 
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a limit ought to have been b^ this time detected. The conti- 
nuity of the gaseous and liquid states furnishes a strong experi- 
mcutal presumption aguiust any kind of constitution of matter, 
corpuscular or otherwise. The atomic conception of definite 

SroportioDi it therefore not only not absolately necesBaryj bat 
ouoly improbable* 

The law of definite proportiona, indeed, ia itaelf tinged with 
oontinuity. It repreaenta one aide only of the aeriea of bodiea, 
which incladea mechanical mizturea on the one hand, definite 

componnds on the other, and indefinite substancea (like albumen) 
aa its middle term. Even should much more refined methoda 
of determining a symbolic value be discovered than we now 
poaaeaa, the law of homology i» an instant prophet of their 
weakncaa; starting with almost perfect definition, it ever pointo 
to some possible transcendent complexity. 

Such is the natnrt> of the argnnicrits involved in ratiocination 
upon a materialistic basis. Matter, it is asserted, must be either 
infinitely or finitely divisible, as if either conception iiad ever 
been realized by the interlocutor. What if matter do not exist 
at all ? AikI if it exist, where is the proof that it and diMsion 
have any liiuLual eunnc.xion whatever? It is these pri<*i quea- 
tions that chemists, as a rule, never raise, or dis?niss as fruitless — 
forgetting thai in philosophy, the storehouse ot the most general 
propositions of all the sciences^ they have their only court of 
appeal* Under the impression of these convtctiona^ I now pro- 
ceed to gi?e an ahatniet of Digby'a* moat Me argament on 
the nature of qnantity, a subject which evidently involves the 
atomic theory among ite compionent questions. 

In the first plaoe^ Digby investigates the meaning tacitly or 
otherwise assigned to the idea of quantity by the learned aa wdl 
as the uniostnicted. " If you ask what quantity there is of 
auch a pareell of cloth^ how much wood in such a piece of timber, 
how much gold in such an ingot, how ranch wine in such a 
vessel, how much time was taken up in such an action ? he that 
is to give you an account of them measureth them by ells, by 
feet, by inches, by pounds, by ounces, by gallons, by {)ints, by 
dayes, by houres, and the like; and then tf Hrth you bow many 
of those parts are in the whole that you eiKjinic ot". . . . Where- 
fore, when we consider that Quantity is noilnng else, but the 
extension of a thing; and that this extension is expressi d ity a 
deteruHnate number of lesser extensions of the same nature; 
{which lesser ones, arc sooner and mure easily apprehended then 
greater ; because we are tirst acquainted and conversant with 
such ; and our understanding graspeth^ weigheth and discemeth 
auch mm steadily ; and maketh an eiaeter judgment of then ;) 
^ On the Natvre of Bodies (1645), p. 11 et teq. 
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and that such lesser ones are ia the greater which they nu a- 
surc, as pai'ts in a whole ; and that the whole by coniprchcuUiiig 
those parts, is ;i nu ic ca})aeity to be divided into them j we cou- 
clude, That Quantity or Bigiiesse is nothing else but divisibility ; 
and that a tbiiig is big, by having a capacity to be divided, or 
(which is the same) to have parts made of it. 

This is yefc more evideut (if more may be) in Discrete 
Quantity (that is, in number) then in ecMitinneid Qaantity, or ex* 
tension. For if we consider any number whatsoever, we shall 
find the essence of it consisteth in a capacity of being resolved 
and divided into so many nnities, as are contained in it ; which 
are the parts of it. And this species of Quantity being aimpler 
than the other, serveth for a rule to determine it by : as we 
may ohaerve in the familiar answers to questions of continued 
Quantity, which expresse by number the content of it : as when 
one dehvereth the Quantity of a piece of ground, by such a 
number of fnrlongs, acres, perches, or the like.'* 

Having thns H^ccrtnined, with his customary firutrness, the 
nature of quantity and two of its species, Digby proceeds to dis- 
cuss a point which underlies tiic entire atomic controversy, 
namely, does quantity consist of farts, or is it one? 

"Ells, feet, inches, are no more reall Entities in the whole that 
is measured by them, and that makcili impressions of such 
notions in our understanding j then .... colour, figure, mel- 
lo WD esse, tast, and ilic like, are several substances iu the apple 
that affecteth our several senses with such various impres- 
sions. It is bnt one whok, that may indeed be cut into so 
many severall parts : but those parts axe not really there till by 
division they are parcelled out: and then the whok (out of 
which they are made) ceaseth to be any longer : and the parts 
succeed in lien of it ; and are every one of them a new whole. 

This truth is evident out of the very definition we have ga- 
thered of Quantity. For since it is divmbUity (that is, a bare 
capacity to division) it folioweth, that it is not yet divided : and 
oonaeqnently, that those parts are not yet in it which may be 
made of it; for division, ta the making two or more things 
of one." 

The next step is to point out that it parts be considered to 
exist in quantity, this must tousist of points or indivisibles, 
"which ue shall prove to be impossible." For if quantity were 
divided into all the parts into which it is divisible, it would be 
divided into indivisibles; nia^nnich as nothing divisible, and not 
divided, would n inam iu it. And as aJl these parts are actually 
in quantiiy, quantity must consist of indivisibles. None of 
these parts has any necessary claim to be distinguished from 
the others ao as to remain divisible while they become indivisible ; 
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hence all the parts in quantity must be indivisible. But tins 
assertion is encountered by the f ollowing dilemma. 1 ( indivibibiea 
make quantity, either a finite or infinite number ol iLem must 
tlo 8o. If a tinitc uumbci', select aji an instance three indimi- 
bles, add them together^ and make a line (whose extent being 
only longitude is the fint and simplest species of quantity, and 
therefore whatever ia susceptible of partition must be at least a 
line). Now, by the oonditions, this line cannot be divided into 
more parts than three ; yet Eadid (Elements, VL Prop. 10) 
has demonstrated that a fane can be divided into any number of 
parts, however great. Therefore it is evident that no line, still 
less any more complex species of quantity^ consists of indivinbles. 

Now, Euclid's demonstration being universal, and proving 
that all extension can be divided infinitely into parts, we must 
needs confess that it is of the nature of indivisibles, when they 
coalesce, to be drowned in one another; for otherwise there 
would result n kind of extension out of them that would be m- 
divisible, cuntiaiy to the demonstration referred to. But if 
these indivisibles (even if infinitely numerons) are drowned in 
one another, they shrink to a single indivisible point. On the 
. other hand, ^he nature of extension requires that one part be 
not in the same place where the other is. Therefore quaulity 
cauuot consist of an infinite number of indivisibles ; and it has 
been shuwu thai it is nut constituted of a finite number. The 
dilemma terminates; and it is proved that quantity does not 
consist of indivisibles {either finite or infinite m ntanba), and» 
consequently, that jMrto art not Mdualfy m tl. 

With this answer to a molecular or atomic theortsty it nu^t 
have been supposed that oar acute and critical reasoner wcmld 
have been content to rdinquish the argument. Yet he Ungera a 
little about it to discuss a duficultv, apparently raised by Senao— 
Are there not parts in a man's body^for example^ arms, legs, 
fingers, and toes ? Bigby points out that sense does not judge 
which is an arm, leg, finger, or toe, but that the notions corre- 
sponding to these words are products of the understanding, 
which, among several functions of a substance, is capable of 
selecting one, as if the substance had no more. We arc, there- 
fore, really deahng with a fallacy of contusion. Quantity is a 
possibility to be made distinct things by division ; whereas the 
different limbs above named " arc but a virtue to do distinct 
thi nps." Even if this were not so, sense cannot determine any 
one part in a body j for if it could, it would tell preeist ly where 
that part begins and ends. If the part begin or did m indivi- 
sibles, certainly sense cannot determine of them. On tlu- other 
hand, considering that all whereof sense is capable is divisiiblc, 
it oontinualfy raninda us of more potential parts than one. 
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Henoe it knows with enetitada neither the One nor the 

Many. 

The special form of fallacy that underlies the atomic theory ia 
the one known as the nuitcriali'?tic. Just a«i those who as- 
sert the existence of matter declare or imply their belief in it as 
a uecessary substratum for liardiiess, weight, and other proper- 
ties, which are really their own sensations ; so those who advo- 
cate the atomic theory, declare or imply their belief in indivi- 
sibles, in units of athaity, and so forth, as substrata. On close 
examination it is found that the substratTim referred to iias its 
necessity only in the miaijinatiou ; and the atomic theory, which 
has addom even pretended to adduce experimental evidence for 
what it affirma to exi»t, ia traceable to the same parentage. The 
aame impatience at the recondite nature of forces which we 
eannol see, which haa led many of as to aasert so much more 
than we know, has caused both civilued and savage nations to 
dothe in statoary their inviaible gods. The same impatience, 
mingled with discontent, is recogoisable in that passionate era* 
▼ing for the absolnte, or complementary in existence, which is 
common to mankind. Sarronnded on all sides with continuity, 
motion, and change, our most popular ideas relate to limits, re- 
pose, and stability. With the latter, the atomic theory perfectly 
accords ; it readily blends with all the prejudices of our educa- 
tion, and is reinforced hy them ; so that after some yeafs it 
becomes nn ( ntuil part of the mind, which has no longer the 
power to reject it, even with the aid of the desire. How hard 
it is, even for a young idealist, to be content with Nature as siie 
is ! Such considerations show the siiljtlety ol Uvumicism, and 
account tor its hui^ and obstinate survival. 

One of the most remarkable points m connexion with the his- 
tory of the atomic theory is the manner in which the actual 
realization of the atom has been kept in the background. It 
woold be a matter of the highest importance, one would ima- 
gine, especially on the part of experimental advocates, to adduce, 
or at anv rate to endeavour to aadnce, an atom itadf as the beat 
proof of its own extstence. Not only has this never been done, 
but no attempts have been made to do it; and it ia probable 
that the most enthusiastic atomiat would be the firat to smile at 
aoeb an effort, or ridicule the supposed discovery, for who haa 
ever seen that which he cannot divide ? or who, being unable to 
divide, would not at once suspect a defect in his tools rather 
than indivisibility in the substance submitted to experiment ? 
The experience of two thousand years has failed to produce or to 
discover a sin!r1e atom of the innumerable millions that have 
existed durnic: the whole of that time, and still remain unhurt 
in their modest retirement. Yet, in the present day, they are 
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spoken of as familiarly as it they were tossils. Tlie ingenuous 
confession of Greirory is difficult to reconcile with his practice, 
but it doubtless expresses the feeling of many atomists : " we may 
admit the atomic theory. It is to be observed^ liuwever, that 
we have no positive prooi of its truth, nor are we likely to obtain 
such proof." Of what use is it to serve a writ of Imbeas curjjus 
upon sucU a theory ? 

At this point my mind naturally recurs to a period in the 
history of cnemistry when the science was in one particular re- 
spect under as anomalous a regime as prevaila at present. Firom 
aoout the year 1700 the belief in phk^tm prevailed for 
three quarters of a century, and was as intimately associated 
with experimental inquiries as the atom is now ; afid this belief^ 
as any one who has read a fragment of the literature of that 
epoch must have observed, was as real aud living as can he con- 
ceived. Yet, in 1764, Macquer* confesses, " Hitherto chy- 
mists have never been able to obtain the phlogiston quite pore 
and free from every other substance;" and Bishop Watson, in 
1800 (1781 ?), with a somewhat rutHctl die^nity, exclaims f, 
" You do not surely expect that chemistry should be able to pre- 
sent yon with a handful of phlogiston separated from an intiam- 
mable body ! " In course of time the nature of phlogiston 
varied as much as the atonne weiirht of any modem element. 
It began with beinjr materia vel j/nncipium i(/nts, nan ipse i(jnis, 
and ended with a uairuw escape from identification with hydro- 
gen. It was as material as Lavoisier's caloric. Yet cheunsts 
argued universally, and apparently by preference, without any 
quest of the substance itsefr* How the native freedom of an ex* 
perimental science could eoenst in the same person with so 
marvellous an abrogation of that freedom was long a puzzling 
phenomenon to me. The phlogistian, howeverj is much but- 
passed by the atomtst. The former never ascribed to his veiled 
companion an attribute without natural analogy ; but the latter 
teaches Tertullian's paradox^ Cerium ett, quia mpossibiie. 

When a great system, instead of reposing on clearly ascer- 
tained facts, is built upon the sands of fancy, its history must, 
as a rule, be a record of feeble instabihtv. What has been the 
case with chemical theory so far as it has been atomic ? The 
absolute, nnnlterablc carbon atom has weighed 6, 3, and 12; 
that of oxy m n was 8 a few years since, now it is 16; but a con- 
temporary chemist j)ropo8e8 to return to the old nunil>er. At 
first the atoms are introduced with radiant rods or hues of at- 
traction ; then ilietf nppendages appear to have become super- 
tiuous, for we hear nutiiing of them for many years; now they 
are to be been on numerous lecture-tables, are treated of in most 
♦ Trait4, i. p. 10. f iJ^mys, i. p. J 6?. 
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systematic works, and it is the objec t of [he iiiajoi ity of chemical 
rrs( archcii to develope formulae in connexion with them. Our 
modem theorist " explains the existence of the two bromides 
(C^ H* Br, H* Br^) on the ])rinciplc of atomicity; while the 
latter of their two analogues (1 CI, I CF) is a " molccuhir com- 
bination.*' This 18 certainly the niobt pitiful evasion that ever 
passed under the name of theory. Again^ the hypothesis of 
spedfie volfiinea, which represents a natural fact, is now in a 
langnishing state because we cannot determine how many atoms 
and how much spaee make up a given volnme of a snbstanoe. 

It ia not difficnlt to show that the doctrine of atoms involves 
several important contradictions, in addition to those previously 
alloded to inrthis tract The theory of compouod radicals shows 
conclusively^ in its own way, that whatever compound radicals 
may do, is also done or imitated by absolutely homogeneous 
atoms ; their functions are, in short, the same. Hence by the 
strict necessity of an inductive logic, as well as by the freedom 
of our nature, we are driven to deny that the atoms are atoms 
at all. For if the benzoyl atom (C' IPO) and chlorine atom 
(CI) agree in so many of their functions^ the probability is that 
they will aj^ree somewhat in anotli( r, iiann K . complexity. The 
atomic theorist, however, is too anxious to savt- iiimself to allow 
this conclusion. Reversing history, he takes the chlorine atom 
first, compares the benzoyl atom with it, and asserts that the 
radical ii a compound atoiit. To have asserted that the atom is 
a compound radical, would merely have been to narrate the 
course of a probable discoveiy ; to pronounce the radical a 
compound atom is to state a pure contradiction, which is^ by the 
laws of language^ completely unintelligible. 

These are the parts of a system which has been termed, in 
modem times, an exact science I It is consoling to remember 
that the most fanciful period of the phlogistic theory immedi- 
ately preceded the epoch when that theory was extinguished — > 
when chemists, free for the moment from the fetters of a 
doctrine which called every operation a combustion, perceived 
the whole of nature to be open to their inquiries. Such 
a reform and such a liberation are needed, and may be hoped 
for now. 

This memoir would be very incomplete were I to leave un- 
noticed the opmiona of some of the more gifted thinkers with 
regard to the atomic theory. Newton, for example, is often re- 
ferred to as an authority on the side of the atomist. That phi- 
losopher, indeed, considered it probable that " God, in the 
beginning, formed matter in solid, massy, hard, impeneuable, 
moveable particles which never wear or break to pieces, "no 
ordinary power being able to divide what God himself made One 
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m tlie first creation"*. He also followed Lucretius in assertmg 
that nature woiild not be lasting were the properties of the?« 
paiticlt's otljcr t)iaii he supposes them to be. It will be ctbst rvcd 
that Newton allows of iDdivisibiUty uiil) so far as ordinary or 
natural forces are concerned, llilsewhcrc, m u passage too often 
overlooked, he Hmits the indivisibility to his own time. " But 
whether these parts^ dirtinet and as yet tmdiYided by natanl 
forosty ate aUe to be difided and simaered in their turn is im- 
eertain^'f. ^d again, he allows that space is divisible m m- 
/biUum It appears, then, thai Newton had hardly reached 
so §^t a degree of dedsiott apon this sabjeet as is commonly 
belMiTed. 

Descartes has also been reckoned among the atomistSi pfo- 
bably more from the circnmstance that he was a strong systema- 
tiser and formalist than on the basis of any of his extant works. 
That Descartes himself would not have approved of such an im- 
putation is clear from the following (translated) passage^ "It 
is also vprv ea«»y to recognize that thtTP can be in it " :>ub- 
staTirr) " no atoms, that is to 9.^y, |)arts of bodies or matter 
wlii( li are by nature indivisible, a^^ some |)hilosopher8 have ima- 
gined ; inasmuch as, however small we may supj)Ose these parts 
to be, yet, since they must be extended, we see there is not one 
of them that eannot be further divided into two or more others 
of smaller size, and hence is divisible." He then goes on to 
argue that it would be impossible, at any rate, to restrict the 
power of the Deity in division ; and adds that it is of the nature 
of even the smallest extended particle in the world to be divisible. 

LeibnitSj moreover, hss left on record not a few decided 
expressions of opinion with rqgard to this subject Thus be 
asserts II that '^a material being could not m at the snme 
time material and perfectly indivisible or endowed with real 
unity'' (p. 580). ''Material atoms are contrary to reason, be- 
sides being still composed of parts; for the invincible attach, 
ment of one part to another (if we could reasonably conceive or 
suppose sueh a thing) would not destroy their diversity'' (p. 684). 

Limits are viciously assigned to division and subtleness as 
well as to the richness and beauty of nature, when atoms and a 
void, or crrtaiii prime rlfments, including the Cartesian, are set 
up in the place of true units, when the infinift' is not recognized 
in every thing, and the exact expression of the greatest in the 
least . (p. 599). 

Few among us would deny a hearing to Kant on a quejetion 
of which philosophy has, from the earliest times, constituted so 

• llorsley's Newton, vol. iv. p. 260 et seq. 

+ limcipw, vol. iii. p. 3^)^^ (1713). t Horsley, p. 2r>3. 

§ Cousin's Kd. (1824) vol. iii. p. 13/. ii iEuwrts (Jacques), vol. i. 
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large a wt. In his ' Olnmaftiofui on the Second Antinomy 
o£ Fmne Keason where the eompontioii of substance is dia- 
eiissed, the following decisive remarks occur. "These obieo- 
tions " (to the infinite subdivisibility of matter) " lay themselves 

open at first sicrht to 'suspicion, fr<»i!i tlic fact that they do not 
recognise the clearest mathematical proofs as propositions rela- 
ting to the constitution of space, in so far as it is really the 
tbrnial condition of the possibility of all matter, but regard them 
merely m inferences from abstract but arbitrary conceptions 
which CHDuot have any application to real things. Just as if it 
were possible to imagine another mode of intuition than that 
given in the primitive intuition of space ; and ju&t as if its a priori 
determinations did not apply to every thing, the existence of which 
It poerible from the fact alone of its filling space. If we listen 
to ihem, we shall find ourselves required to cogitate^ In addition 
to the mathematical pointy which is simple^ — not, however, a 
part, bat a mere limit of space— physical pointSi which are indeed 
nkewiae simple, bnt possess the peenliar property^ as parts of 
apaee, of filling it by their aggregation. I shall not repeat here 
the common and elw refutations of this absurdity which are to 
be found eveiywhere in ^numbers ; every one knows that it is 
impoonble to undermine the evidence of mathematics by mere 
ditienrsive conceptions .... It is not sufficient to find the con- 
ception of the simple for the pure conception of the composite, 
bnt we must discover for the intuition of the composite (matter) 
the iiitmt ion of the simple. Now this, accord iiiij; to the laws of 
sensibility, and consequently in the case of objects of sense, is 

utterly lrnpo>^d)l(•," 

Davy and Woliastou both refused to accept the atomic theory. 
Coming still nearer to our own time, I mention, in the la.st j)lace, 
a great investigator who has but recently departed from among 
US. No one could be more acutt, and certainly none more clear, 
than Faraday in the kind of reasoning that precedes discovery. 
This eminently successful aenteness and cteameaa were not, 
Iiowever, acqutred by the aid of graphic formolae or wooden 
models, nor were they accompanied by the doubtful support of 
any sneh material assistance. As the air grew thinner, his wing 
wns broadened and its thrust more strong. In 1844, Faraday 
published t a ' Specnlation touching £lectric Conduction and the 
Nature of Matter/ in which the principal subject of discussion 
is the atomic theory. Starting with the datum, admitted by 
atomists, that matter consists of atoms and space, he observes 
that tlua ia " at best an assumption ; of the truth of which we 
can assert nothing, whatever we may say or think of its proba- 

* Meiklejohn'g Translation of the Kritik, p. 275. 
t Pha. Mag. & 3. vol. Bxiv. p. 136. 
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bility. The word atom^ which can never be used without in- 
volving much that is purely hypothetical, it often itUMded to be 
uaed to ezprew a aimple net; but^ good as the intention is^ J 
have not ) ut found a mind that did habitually separate it from 
its aeeompanying temptations; and there can be no doubt that 
the words definite proportions, equivalents^ primes, &c., which 
did and do express fully all the faeU of what is usually called 
the atomic theory in chemistry, were dismissed because they 
were not expressive enough, and did not say all that was in the 
mind of him who used the word atom in their stead; they did 
not express the hypothesis as well as the fact. But it is always 
safe and philosophic to distinguish, as much as is in our power, 

fact from tlicory; and considering the constant tendency 

of the uund to rest on an assumption, and, when it answers every 
present purpose, to forget that it is an assumption, we ought to 
remember that it, in such cases, becomes a prejudice, ami inevi- 
tably interferes, more or less, with a clear-sighted judgment/* 
Now, of the two constituents of matter, space is the only 
continuous one. Consider, then, the case of shellac, a non- 
conductor. Space, in it, must be an insulator, whatever the 
atoms may be ; for if it were a conductor, the shellac could not 
insulate. But now take the case of platinum, which must also 
be composed of atoms and space. Since platinum is a conductor^ 
space, being its only continnous constituent, must be a conductor. 
Space, which is everywhere uniform, is therefore a conductor 
and a non-conductor. "Any ground of reasoning which tends 
to such conclusions as these must in itself be false." The hetB 
do not warrant any other conclusion than that what we call 
matter is continuous. Indeed ''a mind just entering on the 
subject may consider it difficult to think of the powers of matter 
independent of a separate something to be called the matter ; but 
it is certainly far mm-c diffinilt, nnd indeed impossible, to think 
of or imagine that uuiUer ludependent of the powers. Now the 
powers we know and recognize in every phenomenon of the ci*ea- 
tion, the abstract matter in none; why then assume the exist- 
ence of that of which we are ignorant, which we cannot conceivej 
and for which there is no philosophical necessity 

If \vc must assume at all, let us assume as little as possible. 
The system of Boscovich is in these respects superior to the 
atomic ; it assumes much less, and does not contradict the facts 
of nature. In it Matter and the atom disappear ; and we find 
that substances are constituted of centres of force, attractive and 
repulsive. For the shapo of the atom, the direction ud relative 
intensity of these individual forces are substituted. Matter i^ 
not merely mutually penetrable, but each atom " (centre) ex- 
tends, so to say, throughout the whole of the solar system, yet 
always retaining its own centre of force." 
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Here Faraday proclaims himself at once a Leihint/ian and 
idealist. No answer^ so far as I am aware, has ever been made to 
bis argument; nor did he, in the pxnHorant development of 
atomic suggestions which surromulrd Ins later years, publish any 
retractation of his previous opinion. Therefore, that matter is 
JoTce^ in some way determuiedj waa probably that great thinker's 
final belief. 

Sach being tbe condition of the atomic theory, whether re- 
garded in its cbemical or pbiioaopbical aspect, certain practical 
results foUov. I shall not take into consideration tbe physical 
molecoles, which are invested with an arbitrary system of cen- 
tral forces invented expressly to account for tbe observed pbeno- 
niena,'' and are bard— nor the new alternative of ring-vortioesy 
which are not bard*. A logical mind, still free to mske an 
effort, cannot be content to accept that theory without question, 
or to entertain it without suspicion. And on inquiry it will 
find, if my argument be sound, that the atomic theory has no 
expfrimenta! basis, is untrue to nature erenerally, and consists 
in the main of a materialistic fallacy, derived from appetite more 
than from judgment ; while, on the other side, arises the Idea 
OF Motion, with its subordinate laws, true both to nature and 
the life of man, the highest product of the scientific and the 
pure reason, and the noblest generalization the wurUl has yet 
known, because it is the only one that neither limits noi' enslaves. 
So serious is your crisis, so momentous your decision. 

V2 Peiubertou Terrace, 
St. Jdm's Ptek, N. 



XYI. On tke CwMUhaum afMWc and Blood, 
By M. DUHABt* 

DURING the most tronljled years of the first French revo- 
lution, the old Acailemj of Sciences of Pariri having 
been suppressed, its members none the less continued their 
patriotic cooperation in the labours required by the new neces- 
sities of the conntiy. Hiatoiy baa ^ven them credit for this. 
It associates tbe names of the principal of them witb those of 
the illnstrions administrators and generals, who then caused 
the integrity of tbe French soil to be respected. 

Tlie editors of the Annales de Chimiey wiio liad been com- 
pelled to BUfipcnd their publication under the reign of Tenor, 
on resuming it bad the happy thought of collecting, in two 
volumes, all the memoirs or reports with which the Academi- 
cians had been charged. In nmning through these we appre^ 

• British Association Report for lB7f> : Truusactions of Sections, p. fi. 
t Trauslated by W. SS. Dallas, F.L.S., frum the BiblioU^tiae Umperaelie^ 
16 June 1871, Arcbiyes des Sciences, pp. 105-119. 

PAt/. Mag. S. 4. Vol. 4&. No. 278. A^. 1871. K 
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ciatc at a glance the importance of the questions which were 
* adflre8«er1 to t^rni, the insufficiency of the means at their 
commaiitl (Imi))^ those troublous tiine'^, nnd tlie merits of the 
practic al solutions which they presented to the ( iuiifry, as the 
fruit of their previous studies^ or of their improvised experi- 
ments. 

Saltpetre, gunpowder, steel, weapons, gun-metal, potash, 
soda, soaps, paper, aj^.signats, and many other objects impli- 
cated in tlie defence of the country, the working of its mftnu- 
futures and the neoesssries ci Itte. gave oocasiom to investi- 
gatioiis and discoreries of which tae {aetories have not yet 
foigottm the tradition. 

The siege of Paris by the Pmssian airoy oonld not, it was 
said, be sufficiently prolonged to raise any questions of the 
same kind ; but neyeortheless it has been necessary, as in the 
time of onr fathers, to seek for nitrated earths, to produce 
ffonpowder, to manufactuie and work up steel, to obtun 
bronze and cast cannon ; we also have bem in want of pspCTi 
and of a great number of useful objects. 

C3onsidcral)le, although rapid, investigations have been 
accomplislied ; and it will be useful as well as just not to allow 
their memory to hv lost. I have busied myseit in collecting 
the materials for this publication, which I shall cany out as 
soon as circumstances will permit. 

Among the privations which our forctathers did not know 
in their most cruel intensity, those which caused the most 
dedded sttflferings to the existing population, relate to the 
want of combustibles, which was rendered intofeiable and most 
destructive by an exceptionally ri^orotn winter— to the scar> 
city of milk and eggs, the certain cause of the premature 
decease of a great number of young chi1dren---^d|* finally, to 
the exhaustion of the supplies of com, flour, and meat, which, 
rendering tlie capitulation of Paris inevitablcy marked tiie 
precise day for it. 

Three questions, which have occupied the mind of every 
man curious to foresee the future of science, were thus inces- 
santly ]>resented to the meditation of the scientihc men shut 
up in Pnris. Tint far-away dreams in which the imagination 
deiigiits an(i disports itself, but as the despairing prayers of a 
pe^jple in utter extremity: — 

1. To obtain available he4it, without combustibles j 

2. To reconstruct food with mineral materials, without the 

cooperation of life ; 
3* To reproduce, at least, the essential food of man with 
non-aliment^uy organic materials. 
MaUi in wanning hiinself by means of comboatibleB faniiahed 
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either by the existing vegetation, or by the remains of the 
ancient vegetation of the ^^lobe, and in nourishing himself by 
means nf products obtained from })hint3 and animals, demands 
every thing from life ; but could he dispense with life in 
ohtaiTiifi'jT his combustihh,' and his nutrinn;nt? Would the 
torces ot science alone sutiicc to ajisure to liim, in this urgent 
need, those satisfactions which he could no longer demand 
from the forces of living nature ? 

This wad the questiou. if put in a time of peace and in 
the midst of abundancci it would probablyhave received more 
than one reeponse in the affinnatiye* The pro^reaa of the 
phjBical setences has be^ 80 brilUaatl Oiie ib so much 
disposed to exaggerste their power! Ekctricily opens up 
siidi aeductiye perspectiyeB ! Synthesis has produced so 
many marvels in the hands of chemista 1 

If the necessity had not been so pressing, so that the qucs* 
tion might have been raised as a philosophical thesis, and we 
could hare said to the physacisls and chemists. Could you not, 
if it were necessary, famish man with heat and food without 
having recourse to plants and animals? how many, without 
saying i/es, would| at least, have answered with one of those 
smiles which do not say no. 

But in a crisis where it was necessary to realize immediately 
what would have been left to hope, [>cuple showed reserve; 
radical solutions were adjourned, and there was no (juestion 
either of heating i*aris without cumbustiblea, or of feeding it 
without organic aliments. 

But GOiod organic materials usually disdained be converted 
into alimentSi so as to leplace, by means of clever combinstionS| 
liiose natand products which could no longer be procured ? 

It is not my d^ign to notice what viands were served at 
table, or what resources we were led to seek in the blood and 
oSbI of tiie fllaughter*houses which are usually thrown away, 
the bones, feet, and even the skins of the cattle slaughtered. 
Nov will I examine how the butter and lard, which were 
speedily exhausted, were replaced. Of these improvised arts 
some have disappeared with the circumstances which gave 
them birth, whilst others have left some useful teachings. 

I shall treat only of a s])ecial question, the solution of which 
involved certain ])rineiples which it seems to me to he impor- 
tant to guard. Was it not possible to come to the assistance 
of nevv-bom children by replacing the milk, which could no 
lunger be got, by some saccharine emidsion ? In this case 
there wa^ no question of creative clicmistry, but only of culi- 
nary chemistry. Recipes were not wanting, all reproducing 
an albuminous liquid, sugar, and an emulsion o£ a fatly body. 
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As a provisional succedancum this artificial milk fleservcd to 
be welcomed. But sometimes there was such a conviction in 
the authors of tlioHo propositions, tliat one was forced to dread 
for tlie future the clfccts of tlieir faith. This was of a nature 
to make too many proselytes, to the great injury of the chil- 
dren at nurse, and the great profit of the dealers in milk. 
How could the latter have the least scruple when they were 
taught to manufacture an emulsion whica they saw recom- 
mended to the oonsumersi and eTem to mothers; as the real 
equiyaleiit of milk ? 

The senrioes Tendered by concentrated milk dnring llie siese 
were too important to render any excuse necessary in me 
oonntry which produces it^ when we insist upon the prefer- 
ence always due to nfttoral milky as also upon the characters 
which at present do not permit us to confound any artificial 
milky liquid whatever witn the truly secreted product 

Natural milk forms a liquid containing salts, sugar, casemn 
in solution, and fatty globules in suspension. Let us first see 
whether we can imitate tliesc fatty globules by dividing or 
making an emulsion of an oily or fatty matter in a viscous 
liquid. 

1 believe that I experimentally demonstrated the contrary 
some years ago by showing that the globules of fatty matter 
of milk are protected trom certain physical or chemical reac- 
tions by a tme membranous envelo})e. Admitted by some, 
and disputed by others, the existence of this membrane seem- 
ing to me to lie real and proven, there could be no (juestion, 
in my opinion, about confounding an artificial emulsion with 
nakea fatty globules with milk from the mammsB, present- 
ing fatt^ globules enveloped by a membrane, true free oeUsy 
filled with butter, analogous to the agglutinated oeUs of adi« 
pose tissues. 

The existence of tlus membrane may be proved hy two 

chemical experiments. 

The first depends u])on the property possessed by sulphuric 
ether of dissolving fatty matters and collecting together those 
which are susj)ended in liquids, pntvlded that they are free. 
Now if, after shaking tofretlier in a tube fresh milk and ether, 
they are left to n-st, the ether floats on the surface without 
having dissolved any thing, and the milk resumes its place 
below the ether without having lost any thing of its appear- 
ance, or yielded any of its buttery matter. 

But when subjected beforehand to the action of acetic acid, 
which is able to dissolve the envelopes of its fatty globules, 
milk, when shaken up with ether, loses its opacity, and yields 
its butter to that liquid, in which it may be founcL 
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An inverse test leads to tlip sanie conclii-i"ii>. A neutral 
salt, such as sul|)hate of suda, added to milk, cuablcji us to 
filter it, and to retain upon the filter the crlobulea of butter, 
whilst the serosity Hows off perfectly limoiil and clear. If the 
washin^^s with saline water be continued, these globules ma^ 
be &eea from all tiie solnhle piodncts of the semm. Now if 
the butter consisted of simple fatty globnles, there would iben 
remain with them no trace of albuminous or caseous matter. 
But whatever care may be taken to prolong the washings, we 
always find with the fatty matter such a proportion of albu- 
minized substance that there can be no doubt that it has 
remained there in the form of those envelopes or cells which 
constitute the globules of butter. 

The microscope, moreover, shows plainly the constitution 
of the p:lobules of butter, and reveals the constant {presence of 
the envelopes. It is sullieient to crush the ^dohules of milk 
by means of the eonipressur, to obtain a convietion that^ after 
the spreading of th<' fatty mattei-j the butter-cell still retams ita 
form and outline, tiius sliowing that the contents and the con- 
tainer have each their distinct existence. 

For thcijc reasons, and for many others (for no conscientious 
chemist can assert that the analysis of milk has made known 
all the products necessary to life which that aliment eontains)y 
we must renounce, for the present, the pretension to make 
milk, and especiaUj abstain from assimilating any emulsions 
ta this product 

Besides we cannot have too mnch reserve where we have to 
pronounce upon the identity of two products, one natural, tlie 
other artificial, if they are notcrystallizable or volatile^— that is 
to say, definite. We can never affirm that we have renro- 
duoed a mineral water, or sea-water for example. When 
manure for plants, or aliments for man and animals are in 
question, is not the same reserve still more imperative? 

These indefijiite natural mixtures contain substances which 
the coarsest analvsi? discovers, with others less strongly cha- 
racterized or less abundant, which are only revealed by deli- 
cate chemistry, and others again, and jjerhaps the most CBsen- 
tial, which still escape us, either because they exist in infi- 
nitesimal ])roportions, or beeanse they belong to the category 
of bodies which have not hitherto been distinguished from 
other chemical species. 

It is therefore always prudent to abstain from oronouncing 
apon the identity of these indefinite mixtures employed in the 
sustenance of li», in which the smaUest and most insignificant 
traces of matters may prove to be not only efficacious, but 
even indispensable. In proportion as sdence extends her 
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domiuii, we aie enre to see the denumstratioiis of the n^)propri- 
ateoess of this reserve multiplied. 

Among the fine investigations exeeoted in France hj those 
who have continued the labows which occupied the life of the 
illustriona ThMoire de Sanssure, the important thesis of M* 
Raolin upon the vegetation of Asperfjinaa niger will always 
be placed in the foremost rank. All the conditions of tlie 
life of this Mnccdinean have been so well dt'terniincd by that 
author that it may be cultivated with precision in a soil 
formed of tlelinite chemical species, as if wr had to do with 
the formation of a conipomid; and the soil oncii auwn, we may 
follow the transformation or the eni])h)ymrnt of each of the 
elements nece^»sary to it.s life, just a.s if we had to du with the 
development of au ordinary chemical equation. 

Now, who could have foreseen that the AspergtUuB ntger^ 
which has just made its api>earsjiee| for example, upon a slice 
of lemon exposed to the air, reotured for the fulness of its 
existence traces of oxidi af nnc r How. aflter this, can we 
doubt, in the case of plants of a higher order and especially of 
animak, that^ besides their ooaraelj appreciable aliments, they 
require also traces of many other aumentai more delicatelj 
used but not less neceesaiy/ 

Milk has oflten been com{Mured to ^ggs, both horn a che- 
mical and a physiological point of view. Their mission is 
equally to fumi^li the youn<^ animal with tlie nourishment of 
its earliest ag ■ ; imd they have a.s a eonnnon character that 
they present in miion a fatty matter, an albimiinoid substaucei 
a saccharine or amylaceous matter, and salts. 

But the eg^ possesses a vitality, an organization, of which 
chemistry t'urnisnes no evidence, and which the most minute 
anatomy would be powerless to reveal. If fecundation had 
not. rendered manifest, by the rapid phenomena of segmenta- 
tion which take place in lt| that the mass of the yeUc of an 
egg is endowed with 11^ and that it ob^s the impulsion of 
the living germ which takes possession of it^ we should staQ 
be ignorant that the yelk of the egg is not a mere emulsion of 
inert fatty matter. 

Is not milk in the same case? One is led to think so 
when we see that the yelk of the egg and milk have the same 
destination and the same con£guration| and that, if the yelk 
obeys the action of the germ which is ponrished by it, milk, 
for its part, proves to be finpndarly ready to receive ana 
nourish germs of more than one kind, which, on reaching it^ 
become devel(>})ed and live at its ex|iense. 

The ])ower of synthesis of or'^-ame chemistry in ])artien1ar, 
and that of chemistry in g^^al, have di^rei'ore their limita. 
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The Biege of Paris will have proved that we baye no pretenflion 
to make bread or meat from their elemeota^ and that we miwt 
still leave to nurses the mission of producmg milk, If some 
iUndans upon this point haye foimd their way into the minds 
of persons ill-informed as to the true state of science^ they are 
doe to the dangerous play of words to which the expressions 
oraanic diemistry ana f3Tgantc mthstances lend themselves^ 
when applied as these are indifferently to definite compounds 
snch as alcohol or citric acid, which are unfitted fox lif6| and to 
indefinite tissues, tlie seat 01 life. 

The former (foreign to life, and true chemical species) are 
the only ones that synthe.-^is has reproduced. The latter, 
wliicli can be formed only under the impube of a living germ, 
and \v hieh receive, pre.«»erve, and transfer the forces of life, are 
not definite species; the synthesis of the laboraitjiies dues uot 
reach them. The oul^' syntliesis which haa hitherto been 
observed in the case of the chemical materials which consti^ 
tnte fiving tissues, .is that determined in brute matter by the 
presence and impulse of the living germ itself* 

AH those chemical syntheseSi otherwise so worthy of inter- 
eat, which have been indicated as reproducing organic matters, 
have therefore in reality reuroducea only matters unfitted for 
life — ^that is to say, mineral matters. Ihus, of every living 
matter or matter uiat has lived, we must still, whether we 
speak as chemists or as physiologists, say what was Raid of it 
formerly : ^77272^ vivum ex ovo — ^thai which is not lii'e Las 
brought nothing to life. 

With regard to the constittition of milk, the ])hcnomena 
presented by the clarifying of butter have been aometimes em- 
ployed either to demonstrate or to dispute the existence of the 
membranes which envelope the but^TOUs gloltules," 1 cainint 
at })reseut regard these phenomena huviiig any value in 
respect. 

It has been said, for example, that the separation of butteT 
was the result of the fonnation of lactic ada arising from the 
action of the air^ faTouied by churning. Numerous eicneri- 
ments effected in my laboratory unon a practical scale, nave 
sihown that butter separates equally promptly, and at least 
equally abundantly, from a milK to which a large amount of 
bicarbonate of soda has been added, as from natural milk. 
The alkaline reaction of the former, which is maintained 
during the 0])eration and after its completiom has no infiuence 
cither upon its duration or its result. The proportion 'of 
butter, U\r from being diminished, seems even to nave been 
increased by it. 

The tbnuation of lactic acid is thoreibxe not necessary for 



. -d by Google 



136 M. Dumaa on the Cu/tsiiiuiwn of MUk mid Blood, 

the separation of batter, which appears to me to be due to 
pmelj mechanical causes. Such, at least, is the feeling that 
one experiences on examining hy the microscope milk sab* 
niitted to chaining whilst the operation is going on. The 
first test-drops present nothing peculiar; the globules of 
butter retain their form, dimensions, and aspect. Soon we 
see apjicar irrogiilar but^rou.s islands in the midst of globules 
reTiiniTiin:!: unakered. These islands of butter increase in 
number aii'l extent in proportion as the operation proce»*'l^^. 
They form a snow-ball, uniting with eaeli other and beeomiiig 
agglomerated so as to constitute, at last, the mass of butter 
whieh is tlie object of the ojxiration. 

The agglomeration of the butyruus globules into a block of 
butter wdiiUl be a true regelation if tliere were no membrane 
sarrounding them. The existence of this compels as to admit 
that it most be broken, and that this is the object of the repeated 
shocks which we make the liquid undergo, in order that the 
difiused batter may unite with the fatty parcels and agglome* 
rations which it meets with on its road. 

If it is true that the separation of butter is a purely mecha- 
nical phenomenon, it is not the less so, as I shall hereafter 
show, becaase chemistry can give rules to render this opera- 
tion more rn\nd and more efficacious, and to produce horn it a 
better claritied and kss alterable butter. 

1 conclude this comnuiiiieation with some details upon phe- 



tion of the inhabitants of l>esieLrcd Paris turned one's thou^dits 



Some years ago I had prep^ired some experiments the ob- 
ject of which was to ascertain whether exchanges b^ ezoemoee 
and endoemose take place between the internal hc|uids con- 
tained in the globules of the blood and tiie liquids of the 



ence might be ascertained* To demonstrate them would be 
to ascertain by what means the constitution of the globules of 
the blood may be altered and vitiated, reestablished, or re- 
generated. 

I never completed these experiments ; but I have often de- 
p»'ii<led upon the views which guided me^ in order to make my 
auditors m my cuur-^cs at the taeulty of meflicino understand 
how certain alterations (»f the bloutl might be interpreted. 

It is necessary, perhaps, to explain what stoppeu me. 




serum. If these exch 




and rapid, their exist- 
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Nothing is easier than to compare the serum and ^^lobnlca 
of a normal blood with the .senim and globules of the same 
blood moditied by the intervention of a i^ubijtance capable of 
changing the direction or the intensity of the powers of en- 
dosmose between the trlobnles and the senim. 

In the blood of a living animal the globules suspended in 
the liquid may absorb or lose some of their elements, if we 
' Boooeed in changing the constitution of the serum ; but how 
long will the phenomenon last? If the sabstanoe added be 
nuschieroiis it will be eliminated ; the veins on theur part will 
absorb liquids destined to reestablish the equilibrium^ and the 
experiment will soon be so altered that the little differences 
that we have to measure will disappear, yanishing before great 
complications. 

On the contrary; if we withdraw the blood from the body of 

the animal and divide it into two parts of equal weight, one 

destined to furnish the term of comparison, and the other to 
reci'ive the substances moditicative of the power of endosmose, 
coagulation and what I have called the asphyxia and death 
of the globules will soon do away with any hope of arriving at 
certain results. 

It warf therefore necessary to receive the blood into a vessel, 
to oppose its coagulation, and to replace towards it the action 
both of the heart and lungs—that is tosay^ to keep the blood 
in movement and to present it in a yery divided state to the 
action of o^gen or of the air. I arranged an apparatus 
whidi fiilfilled these conditions, and allowed one to ascertain 
how alcohol, neutral salts of soda or potash, sugar, &c. act 
when added to the serum, and how the interior liquids con- 
tained in the globules may become modified under tneir influ- 
ence e ither in quantity or in nature. 

"Wbile I followed out these views, preoccupied by the evident 
invasion of scurvy in the general state of health of the inhabi- 
tants of Paris towards the close of the siege, and whilst I sought 
to make up by api 'lirable means for the absence of all fresh vege- 
tables and of all imit in their habitual diet, a foreign d(>ctor. 
Dr. J. Sinclair, by tollowing out the ideas which he had 
heard me teach upon this subject, was led to seek in them the 
exjdanation of the hrst symptoms of alcoholism, a state which 
he designates by the name of dypsomania. 

Just as scm-vy would have as its primary cause an im- 
poverishment of the serum in potash-salts and a surcharge of 
salts of soda (which favours the exosmose of the potash of the 
globules and consequently their destruction), so alcoholism 
would have as its starting-point the presence of alcohol in the 
serum of the blood and its eflfects on the globules. 
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Alcohol added to the 
from tiie interior of the globulea to the senun. The glohnke 
lose a jMurt of their oonatitnent liquida ; fmd this alteralioii. 
which bringt on others, ia no doubt reproduced in the celk oi 
the various tissnee which are hathed hy alcoholized liquids. 

What it 18 now my intention to pioye is^ that in tiie blood 
in particular, and in every living oiganism of analoprous con- 
stitution (that is to eay^ formed by cells or utricles tilled with 
a liquid and floating in or bathed by a liquid), it is sufficient to 
alter, even sHc^htly, the chemical composition of the exterior 
li(][uid to cause that of the interior liquid to become modified 
by eiulnsTiiose or exo??mo8e. 

Ah soon a» I am enabled to resume possession <>t my labo- 
ratory, if I should ever see it airain, I propose to toliow out 
the aevelo))mcnt and applicatuju of this princi})le, either to 
demonstrate tho ciiectd produced by the action of common salt, 
alcohol, &c. upon the blood, or to show how rapid is that of 
some agents, of which I have already examined the aetioii| 
upon the constitation of the gloholes. 

In the mean time I have yielded to the wishes of yonr emi- 
nent President, and I lay upon the table ^e expositioii of 
those investigations whicli time m:\y cause to frnettfy either in 
my own or more worthy hands, it is a homage that it ia a 
pleasnre to my old age to offer to that kind Society which, 
haying, in 1816, guided my youth and the first steps of my 
career, offers me for the second time, in 1871, after an interval 
of half a century, the asyhim of its friendly hospitaliQr under 
grievous cixcunistanccs to my country. 



XVn. O/i iltr Merhnrricnl I nipossthttity of the Desccut of Glaciers 
by Ihnr Jl'rhjht unlij. By UjUNBY MosaLBT^ X^.ClL,, F,R.S,, 
Canon oj iirutol, ^c* 

IN various memoirs on the " Descent of Glaciers " whici^ have 
publiahed in the riiilosophical Magasine and elsewhere^ it 
has been my object to show : — 

1st. The mechanical impossibility of their descent by their 

weight only. 

Snd. Tln' actual rnu^r (if tlu ir (lc«5ccnt to be their dilatation nod 
coiitractiou by altcmatious ol temperature^ in addition to their 
weight. 

Mr. Crollfj Mr. Matthcws^j Mr. BaU§, andM. UeimU have 

* Commiiiiicated by the Author. f Ftiil. Mag. Sq>teinber 1870. 
1 Alpine Journal, February 1870. § VhW. Mag. February 1871. 
i Poggendorif't Amaim,ioUi. (l870)»aiidFluLl£«.&4.foLzIi.p.4a&. 



done me the honour to reply to them. I am desirous to acknow- 
ledge the courtesy with which the controversy has been conducted 
by my oppunents. Mr. Croli lias done me the justice, I think, to 
follow out the mathematical reasoning on which iiiy argumeat is 
})§md ; and I will not eomplain if Mr. Ball has not. Mr. CroU 
aceqitt that one of my two conelmioiia whieh ia the aobjeet of my 
maent paper. He ooneedea that " if the ioe of a glader be in the 
haidf aolicif cryBtalline atate in which it is generally admitted to 
be^ ttid ita particlea shear in that state aa they are aagnmed to do, 
then glaciera cannot possibly deaoend by their weight only, as 
ia generally aupposed, and the generally received theory of gla- 
cier-motion must be abandoned Mr. Matthewa, Mr. BaU» 
and M. Helm dissent from this conclusion. I propose to answer 
their objections to it in this paper, and in a subsequent one 
those they have made specially to my own theory of the descent 
of glaciers. 

The i!npo«?'9ihility of the descent of L'laciers by tlicir weight 
only, results Irom the consideration tJiat, besides the motion of 
the translation of a glacier bodily on its bed, there is a constant 
displacement of its partiekis over oiu; another and alongside 
one auuther; for which displaceuieiit ihu work of a far moic 
powerful force is necessary than the weight of the glacier would 
supply, it being subject (by the prineipks of mechanical philo- 
sophy) to the condition Uiat the aggregate work of the forcea 
which cause it must not be less than that of the resutancea which 
are opposed to it 

It is, of conrae, impossible to represent this inequality mathe- 
matically in respect to a glacier having a ▼ariable direction and 
an irr^gqlar channel and slope ; but in respect to an imaginary 
one, having a constant diiectidn and a uniform channel and slope;, 
it is possible. I have computed it numerically in respect to a 
glacier of a uniform rect;inp:ular section, slope, direction, and 
roughness, descending witli the same velocity as the "Merde 
Glace'' does, and 1 have found that the work done by the weight 
of the glacier in such descent through any distance is only 
ahont j'jth of the work necessary to overcome the resistances 
opposed to its descent through that distance. 

The weight of this iiuagmary glacier would therefore be far 
too. small a force to caus^ it to descend as glaciers do descend. 

The imaginary case to which my computation applies differs 
from the caae of the actual glader in this respect, that the actual 
glacier ia not atnught or of a uniform section and slope, and ita 
channel is not of a uniform roughness. 

In all these respects the resistance to the descent of the actual 
glacier ia greater than to that of the imaginary one. But this being 

• Phil. Mag. S. 4. voL d. p. 164. 
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the case, since in the imaginary glacier the weight ih found to 
be iusuthcietit to cause it to descend, much more most it be to 
in the actual glacier. Thia ia my argument; and if it cannot be 
oferthroirn« it fbllowa from it that no theory ia to be reoei?ed 
which aoeonnta for the deaoent of glaeiera by their mgl^t only. 
The data I have wed in my computation are Profeaaor Tyndaira 
obaervationa on the velocity of the aorface-ice of the Mer de 
Glace at Les Fonts, and thoee on the velocity of the side-ice on 
the Glacier da G€ant near the TaeoU These last obaervationa 
were made under cireamttanoea of great difficalty and aome 
danger'*^. No conceivable error iu the data can, however, ac- 
count for the enormous disproportion which is shown to exist 
between the work of thr forrc of gravity whicli is supposed to 
c;inse the; glacier to dt sceiid and that of tlie resi8tancp*< it has to 
ov( i\()m( . Among these resistances I have reckoned those of 
the sides und bottom of the channel to be as great as though the 
ice were frozen to them \ and eousideriug what are the obstacles 
in the actual channel from projecting rocks, bends in its direction, 
and frequent contractions, the assumption of a resistance at least 
equal to that which would result in the imaginary form of gla« 
cier from the ice being froien to ito bottom and aidea, ia not 
perhapa nnreaaonable. My reaolt ii not, however, practically 
affected bjr throwing the reaiatance of the channel whoUy out of 
the qneation. If ita bottom and aidea be oonceived perfectly 
amooth, and if the ice of the glacier be aoppoaed not to adhere 
to them at all, its differential motion remaining nevertheless un- 
altered, it still follows t that the work of the reaiatancea through 
aoy distance of the descent is forty-seven times aa great aa the 
work of the weight of the glacier through that distance will supply. 

The diflft rential motion is, in point of fact, by far the greater 
part of the motion of the glacier — thirtn-Ti fourteenths of it on 
tlic Aar Glacier, according to I'rofcssur Forljes^; ^rs that the 
resistance to the differential motion, measured by its work, is by 
far the gvcittt st resistance. Nor will any possible error in oiy 
assumed value of the unit of shear in ice affect the general result 
at which I have arrived. My experiments on it were made in a 
high temperature of the air. I have repeated them when it was 
below freezing, and found it greatly increased. As the tempe- 
rature of the ice of a glacier ia aaanmed not to be above freezing, 

* It is desirable they should be repeated at more Idtuie and widigmter 
precautions than Professor Tyiidall could comnmnd, and that the velocity 
of the surlRce-iee should be determined 00 the same ICCtioil M wbCTO 
the velocity uf the »idc-icc is observed. 

t Phil. Mag. May 1869. In aauation (9), U, and U, ai«tobe ■Mnnad 
to vanish ; whence the above molt will follow. 

X Oocaiional Papers* p. 74. 
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we may couclude that the unit of shear in glacu r ice is not leu 
than that iriveu by my expcHiiK nts, but greater than it. 

Mr. Ball objects to my asjiuming the resistance of glacier-ice 
to be the same as that of the ice used in my experiments, which 
was the ordinary ice of comnieicc collected on the surlaeea of 
rivers and lakes in Noiway. "Glacier-ice, ' he says, ''however 
slight the indicationa of it on the surface, is a congeries of sepa- 
nte fngmtoU more or leit perfeistly welded together, and show* 
ingby theiieqiieDt preaenoeof aur-bubbles, md by its behaviour 
when exposed to ndiaiit beat» an inferior degree of aolidity''*. 

Bat this ia precisely the kind of iee with which some of my 
cqierimenta on shearing were made. The ice was broken in 
pieeet and then hammered into the cylindrical hole of the shear- 
ing> apparatus ti so as to be formed by regelalion into a solid 
cylinder. It was then of the consistency of the glacier-iee de- 
scribed by Mr. Ball. It was visibly "a congeries of separate 
fragments more or less perfectly welded together." The glacier- 
grain of which M. lleim speaks was clearly seen in it. Its re- 
sistance to sheai iiiii: was nevertheless almost identically the saiin' 
as that of n cylinder ot ice oi the same diameter turned in a lathe 
out 01 a block of Norway river- or lake-ice if. The adliercnce of 
the new surfaces brought into contact in the act of shearing was 
as perfect in this granular ice as in that cut from the block ; 
and there was the baiue perlect contmuity of the bubstauce of 
the ice§. 

As regards the inflnenoe of time on my determination of the 
unit of shear, I must have eipressed myself imperfectly, for I 
have been misonderstood. In saying that it " cannot be deter- 
mined with absdnte accuracy without taking into account the 
time of shearing'^ ||, I meant that in the act of shearing a prism 
of ice in my apparatus^ the dimensions of the sttHaces which re- 
mained onsheared were continually diminishing, and with them 
the whole resistance to shearing; so that to keep the conditions 
of the experiment always the same — the shearing-force being 
always just in excess of the resistance — the load must be con- 
tinually diminif^hed. The velocity of ^shcarini: would then be 
constant. Or if, as in my experiments, the load remained the 
same, whilst by reason of the constant diminution of the surface 
of adherence the resistance dmunished, the velocity of shearing 
would be contuiualiy accelerated ; and the degree of this accele- 

* Phil. Mag. S. 4. vol. xU. p. 85. 

t Phil. Mag. Jammr>- 1870. t Ibid. 

^ I believe this adherence of the new surluces brought into contact in the 
act of tkeariugf which ia »o conspicuous a quahty of icCj has been ubscrvcd 
also in lesd< 

g Phil. Hag. Jinaaiy 1870. 
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ration, and therefore the time of shearing, would be dependent 
uu the form tuid diiueusions of the section sheared and the uiut 
of shearing. The unit oi' shear iu this case could only be deter- 
mined by observing the time ; and I have given m toramla te 
to dflt«nniiuiig it in the cm oS a prism M?iiig • leetugiikr 
aeetbn^. In m temperatura above freetingi the piiama of ioe I ex* 
perimented upon could not but bate been in the act meltings 
and the whole aeetion of ahearing in the act of Himiniahing by 
thus being melted; time must therefore in this way have had 
an influence on my detennination of the unit of shear. Heat, 
toOp mnat have been oontinnally conducted to the ice through 
the apparatus ; and the process of shearing must have been ac- 
celerated by the excess of pressure sustained at the upper and 
lower surfHot's of the prism, and the lowrrin;^ of the temperature 
of cuiiirclatioa, and therefore the nieltiug at those points conse- 
quent thereon. The section of the . ice-cylinder wa:» therefore 
probably less than I have assumed it to be, and the unit of shear 
greater. 

Mr. Ball saya very truly that " iii some bubstancca the aiuouut 
of resistauce opposed to the separalioii of adjoining particles is 
nearly independent of temperature, and of the time during which 
the pressure ia applied. In other bodiea, which oppose a very 
conaiderable resiatanee to fracture, the partielcs gradually change 
their relative poaitbna under the prolonged aetion of even a 
alight preaaure ; and in some of them the change dependa very 
much on their temperature while exposed to preaaure.'' -Apply- 
ing these remarka to my own determination of the unit of shear 
in ice, I beg to remind Mr. Ball that it was made on one of the 
hottest days (August 24) of the year 1869, when the thermo- 
meter stood in the shade at 74^-76^9 and that the ice I used waa 
almost in a state of deliquescence. No one who has inquired 
into the temperature of glaciers has rver thought, 1 beheve, of 
assigning to it a temperature greater than this ice muat have 
had. 

Ice covered compactly with other ice, as it is iu ice-houses, 
does not melt as this did. If the covering be perfect, as it is in 
a glacier, it prul^ahiy does not melt at alJ. So far as the intiu* 
cuce ol temperature is concerned, the unit of shear lu glacier- 
ice, however Uttle below the surface, cannot, therefore, but be at 
least equal to that of the ice iu my experimenta; ihr down in 
the interior of the glacier it ia probably much greater. I have^ 
however, brought thia queation of the ahearing of ice in a tempe- 
rature below freeiing, and of the influence of time upon it, to 
the test of a direct experiment. On the 15th of February, 1870, 
I placed a i^linder of ice, one ineh and a half in diameter, in a 

• PUl. Hag. January 1B70. 
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shearing-apparatus when the temperature was above frerzmg, 
and loaded it with the weights specified in the first cnluiiiu of the 
following Table. It sheared through the dist iaccs speci&ed in 
Uie mcoad ooiunm m the timea given in the thud. 



Load, in pounds. 


Dbtanoe •beneilt 


Time, in mlniilM. 


23 


0 


5 


121 




5 


208 


1 


25 


808 


1 


30 


208 


1 


40 


208 


1 


45 


I 808 

i 


1 


55 



A aeooiid piece of ice, similar to the alx»?e, was pitised in the 

same apparatus at 6^ o'clock in the evening of the same day and 
loaded with 112| lbs., being at the rate of 63*6 lbs. per square 
inch. At 8 o'clock in the evening the upper surface of the cy- 
linder of ice was found to have viclded ,V inch. It was then 
left thus loaded ail night. At 10;^ next mornuig it was examnied 
Bgam, and found not to have sheared at all during the night* 
The niffht had been iiosly, but the frost had not been severe. 

The Mint of shear being given, the equality of the work through 
a given distance of ihe lesistauces, to the work through the 
same distance of the forces which cause the glacier to deaoendy 
whatem they may be, is independent of the length of time. If 
the renataneea work slowly^ the forces which overcome them 
woik iko slowly and in the same ratio* The conclusion I have 
drawn from this equality remains^ therefore, unaffected by the 
question of time. 

Ifr* Matthews, however, and M, Heim after him^ as well as 
Mr. Ball, deny that glacier-ioe thean at all. Thejr asy that it 
bends. The following is Mr. BCatthewa's expenment as de« 
•eiibed by himself : — 

"A plank of ice 6 inches wide and 2§ inches in thickness; wns 
sawn from the frozen surface ol a pond, and supported at each 
end by bearers exactly 6 teet apart. The whole weight of the 
plank between the bearers could not h:ivc f xcccded S7h lbs,, and 
its cross section was nowhere less than 14 square mehes. Ac- 
cording to the views of Canon Moseley, shearing must surely have 
been impossible. Yet what \v:\s the result ? From the moment 
tlie plank was placed ui position it began to sink, and continued 
to do 80 nntii it touched the surface over which it was sap* 
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ported. At the poiut of contact it appeared bent at a sharp 
augle, aud was perfectly rigid in its altered form. The total de- 
flection was 7 inches, which had been effected in about as many 
hours under the influence of a thaw under winch the plauk 
diminished very slightly iu thickoess. . With this pro- 
perty oi ice, viz. its power of changing its form uuJer strains 
produced by its own gravitation, combuied w ith the sliding niove- 
ment demonstrated by Ilopklns, we have, as it seems to me, 
adeqaate causes of glacier-motion''*, 

''if/' says M. Ueim^ after descrihing an experiment analo- 

fous to those of T^ndaU on the moulding of ice by pressure, " if 
rightly understand the experiments of Professor Tyndall and 
my own on the moulding of plates of ice, the ice therein and in 
the glacier is not eompeUed to $hear** 

The idea present in common to the minds of these gentlemen 
seems to be that in bending so as to take a set^ ice does not 
shear. In this I venture to think there is a misapprehension. 
In the bending of a plate of ice every particle, except those at 
the points of suppt)rt^ is made to move in the durction m which 
the plate is bent — those particles whicii are at the point of 
greatest inflection being m;itlc to move furthest, and those nearer 
tu it being always made to move further than those more re- 
mote ; so that every particle moves over that which is alongside 
tow ards the nearest })oint of support j and being assumed to 
iiave taken a set, it must have sheared over it. If the resistance 
to this shearing bad been the only one to be overcome, then the 
aggregate work of the shearing of all the partides of the plate 
in the act of bending would have been exactly equal to the work 
of the pressure which bent it ; and in the case of a glacier, it 
would nave been necessair to make (on these gentlemen's dieory, 
that it descends by bending) the same caleulation that I have 
made by equating the work of the resistancea of its particles to 
shearing to that of the forces which cause it to shear ; from 
which there would have followed precisely the result at which 
I have arrived. But the resistances to bending are resistances to 
shearing plus other resistances at right angles to these. If, 
thrrefore, the weight of a glacier is insufficient alone to over- 
come the resistanci s to shearing, a fortiori it is insuthcient to 
overcome the resistances to heiulint!:. 

The pressure theory suj)[)oses, liowever, not exactly that the 
ice is bent as in Mr. Matthevvs^s experiment, but that it is first 
crushed or grauuliited by an exceedinirly slow uud imperceptible 
process of molecular cruhhnig and granulation, aud tlieii that, 
being compressed^ it is regelated. In the act of being thus 
moulded it shears, for the reasons above stated, and is dislocated 
* Alpine Journal, No. 28, Febnuuy 1870. 
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in other direetions than that in which it is nhearecf. The forces 
necessaiy to cause a glacier to descend on the pressure theory 
are therefore those necessary to cause it to shear plus other forces 
neeessary to complete its granulation ; and as its weight has heea 
shown to he insufficient to cause it to shear^ as it jictually does 
shrar, a fortiorithey are insufficient by granulation* to mould it. 

Mr. Matthews's experiment would moreover require to be 
greatly varied to bring it into analogy with the case of a glacier. 
If a Racier is supposed to descend by bending^ the bending 
must be supposed to be in the plane of its surface or in a direc- 
tion parallel to that plane, and not perpendicular to it, as it 
was in the case of the ice-plank. To make his experiment 
apply to the case of tlie glacier, Mr. Matthews shouUl have 
placed bis i)lank on the two bearers, not flatwise, but ed^rewise. 
Indind, looking; at the proportion of the length to the width of 
a glacier, and considering that it is in the direction of its length 
that the bend must take place if it descends by bendinj?, the 
plank ought lathir to have been placed vertically on OLie oi' its 
ends^ and then it should have been observed whether a deflection 
showed itsdf endwise by lines on its surfiice similar to those of 
themned structure and dust-bands in glaciers; and even if 
these appeared, the analogy would not have been complete unless 
they had been found also to exhibit themselves when the ice* 
plank, instead of resting vertically on one of its ends, had been 
inclined at an angle of 4* 53' to the horiaon, being the inclina- 
tion of a part of the Mer de Glace. 

or Mr. CroU's theory of the descent of glaciera I will speak 
when I advocate my own. With reference to my present argu- 
ment, it is sufficient to say that it agrees with my theory in this, 
that it attributes the descent of glaciers to the work of their 
weight plus the work of the heat they arn constantly receiving 
from without*. It acknowledges, thereibrc, the insufficiency of 
their weicrht alone to cause them to descend, which is my pre* 
sent argument. 

In Professor Tyndall's experiment, solid ice was crushed and 
moulded by pressure ; and in his theory the uiuuldiug of the 
solid ice of a glacier uito its channel and its continuous motion 
along it, like that of a liquid, is accounted for by the pressure of 
its weight. 

In Professor Forbes^s theory, the insufficiency of its weight 
so to mould solid ice and to give it this continuous motion iDce 
that of a liquid is implied, and it is supposed to be asemiliquid. 
It is its weight which, according both to the pressure tbeory 
and the viscous theory, is the sole cause of its descent : tbe 

* Pin!. Mng, September IH/O, p. 159. 

Phil, Mag. S. 4. Vol. 4?. No. 278. Aug. 1871. L 
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former supposes its weight a force suOiciimt to do no in the solid 
state j the latter, to make it sufHcient, half melts it. 

If, according to my present ai guiiiciit, the descent of a glacier 
by its weight only is impossible, neither of these Lhcorits is ad- 
missible. Agreeing with the pressure theory as to the essential 
solidity of glacier-ice^ and with the yiiooiii theory aa to the in* 
aoffieieninr of the weight of the iee alone to cause it to desfiend 
in the wild state in the stieam-like way in which it aotoalhr 
does descend, I have ventufed to propose a theovy which eaus 
in aid of its weight the dilatations and eontnetions of its mass 
caused by alternations of temperature. 

To arrive at some knowledge^ however imperfect, of the elas- 
ticity of ice from its deflection under given deflecting forces, I 
made the following etperiments on the 28th of December, 1860^ 
when the temperature of the air was considerably below freezmg. 

T caused planks of ice to be taken from the surface of a ]K>nd, 
and rarefally sawn into rods nnd planed on a carpenter's bench 
and squared. It was very dithcult to do this, because of tlic 
extrfme brittleness of the ice. The surface nevertlR less wortcd 
( asiiy under the plane, and was quite dry (in that t( in|)crature 
of the air) and beautifully smooth. My hrst cxpi t inu iit was 
with a rod of iee 4^ inches wide by 1 { inch thick, wliich I placed 
horizontally on bciiiinprs 3 feet :i mc lu s ;ip;ii t. When loaded in 
the middle with a weii^ht of . 
12 lbs. it broke after de- 
flecting i^ inch. Thefrac- ; 
tare was probahly earned ^ 
by some motion given to ✓ 
the Isst instahnent of the 
weight in the act of being 
placed upon it. Thesui^hce 
of fracture was continuous 
and symmetrical; and hav- ' 
ing been repeated under the same geometrical form in all the 
similar experiments which I mad^ I append a diagram copied 
from a tracinp: of it. 

In a second experiment I placed n rod of ice, 1^3^ inch broad 
by inch thick, horizontally upon bearings 3 feet apart — and 
beside it a rod of wood rrstino- on the same hearings, and ad- 
justed so Us to serve as a ti uiiiht edcre. To this rod of wood a 
small ivoiy rule, di\ id( d into tittieths ot an inch, was fixed verti- 
cally to measure t iu- deflections of the rod of ice in the middle. 
By its own weight alone, which was 11*713 oz., it deflected 
•04 inch. 

^The following Table shows its dellections when loaded m the 
middle with other weights:— 
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Deflection of a Rod of Ice. 



"1 ^* 

Index* 




Defleetiontin 
ini^ea. 


Modalas of elasticity 
on the supposition 
that fhe eMritj of 
the rod remained per- 
fect throughout its 
deflection. 


number oi. 


1. 


0 


•04 




8. 


4 


•06 


5101)200 




8 


•08 


5180800 


4. 


19 


•10 


52.11 h*0«) 


d. 


16 


•12 


52U230O 


6. 


so 


•14 


6284400 


7. 


24 


•16 




8. 


88 


•18 


531^600 


9. 


88 


•80 


5323700 


10. 


36 


•89 


6332000 


11. 


40 


•24 




19. 


44 


•86 




13. 


48 


•98 




The weiglits were here taken oflT, and the permanent deflection or tet of 


ibe rod iraa foand ta be *10 inch. 






14. 


64 


-80 




15. 


58 


•89 




16. 


69 


•34 




U. 


64 


•86 




taaaeiiticl 


•Ufneh. 






18. 


66 


•36 




19. 


70 


•38 




20. 


74 


•40 




21. 


78 


^1 




88. 


82 


•44 




83. 


86 


•46 




84. 


80 


^8 




25. 


94 


•80 




Pennaneat set 'IS inch. 







The rod finally broke with a load of 7 lbs. Ab each addi- 
tional load was placed on it, it vibrated, showing ita elasticity 
(within the narrow limits of vibration) to remain nearly perfect. 
Esch additbnal weight gave it, however, eventually an additional 
set. The following seem, froo) these and other experiments, to 
be physical properties characteristic of ice : — 

1. The preservation of the continuity of its substance when 
it is made to shear. I will venture to call this readhesion. 

2. Ita extreme brittleness. 

3. Its elasticity at low temperatures. 

4. Its tendency when deflected easily to take a set. 

I have calculatrd the modulus of the ice-rod as shown in the 
first ten of the experiments, of which the results arc given in 
the preceding Table, on the supposition that the elasticity of the 
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rod remained perfect throughout. Their Talaes are recorded in 

the fourth column of the Tabic. 

Tliat this perfect elasticity was not, in point of fnct^ pre- 
served is plain fiom the variation of the modulus. It' it were, 
and the experiments could in all respccU be relied upon, the 
ehisticity of this rod of ice would be about one third that of cast 
iron, three times that of deal, aud a little greater than that of 
tin*. 

I am fai , however, from ]nittiug these experiments forward 
as suiiicieiU in accuracy fur determining a physical constant of 
80 much importance as the modulas of ewatieity of iee. Tbe 
ekatielty of tins iee-tod would bm been different at n difieienft 
tempemtore— or possibly if it bad been taken out of another pond, 
or even if taken out of a different |Hirt of the same pond, Tbe 
datticity of sueb a rod of iee mains perfect only witbin eertain 
exceedingly small limits of deflection, vbieb it is not eaay to 
observe witb precision in the open air in a temperature consider- 
ably below Ikeesing. To that end an apparatoa better adapted 
to the purpose than mine would be necessary. 

Mr. Matthews has referred in just terms of respect to the 
contribution of the late Mr. W. IIo[)kins to t>ie science of 
glacier-motion, nnrl particularly to that wrll-known cx'pcriment 
in which ])lacni r;^ a hlork of ice on an inclined plane of santlstonc, 
the ice descended (melting at its surface of contact with the 
sandstone) with a velocity whieb, when the inclination of the 
plane did not exceed a certain hunt, was uniform. 

I have repeated Mr. Hnpkiim's exju mnents in various ways. 
I lidve used rough paviug-stoaes lor the inclined plane, and 
stones pierced with holes to allow of the escape of the water 
mdted from the ice at the surfaees of contact, which seemed 
to labrieate tbem. Witb tbe same view I ba?c nsed soft sand- 
stone to imbibe the water^ and I have caused ridges to be 
cut in its surface in tbe direction of tbe descent and across 
it. In all these variations of his experiments I have found a 
perfect confirmation of Mr. Hopkins's results. His experiments 
shows it not to be mechanically impossible that a block of iee 
should descend on an inclined plane by its weight alone — and 
therefore not to be mechanically impossible that a glacier should 
descend by its weight alone, if it descended as the block of ice 
did in his experiment* But it does not. There is an essential 

• The modulus of elasticity of hot-blast cast iron (Buffery) is, acc:>rdin}^ 
to llodgkinson, 15381200; that of deal (Memel), according to Bariow. 

i:Ai.'>LMM); ami thnt of cast tin, acrordincr to Trcdgold, 4G08O0O. I 
think the host memis of determining the modulus of elnsticity of ice would 
be found m the acouslic properties which at low temperatures it probably 
|)08tesiet. 
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difference; and precisely in this difference lies tlic impossibility 
of the glacier descending by its weight a]oiie» The block of ice 
descended bodily ; its parts did not move OTor one another or 
alongside one another^ but with a common motion of descent ; 
whereas not less than thirteen fourteentlis of the n^otion of the 
Glacier of the Aar is, according to Professor Forbes^ not a coininoii 
ijiotiui), but that of its particles one beside another and one over 
another, which is calkd a differential motion, and to which is 
opposed the resistance to shearings which is at the rate of not less 
than 75 lbs. per square inch. 

Mr. Hopkins's experiment leaves therefore more than thir- 
teen fourteeblha oi the power necessary to cause a glacier to de- 
seend uoaocounted for. 

In condasion I will venture to qoote a passage from Mr. 
Croll's paper^ although it expresses an opinion favourable to 
my present argument^ because it states in terms more clear 
and expliett than I can do the little influence that alleged 
errors in the data on which my conclusions are founded would 
havet| even if their existence were admitted, on the result at 
which I have arrived*: — ''The impression left on my mind 
after reading Canon Mosele/s memoir in the Proceedings of the 
Boyal Society for Jan. 1869 was that« unless some very serious 
error could be pointed out in the mathematical part of his in« 
vest igation, it would be hopeless to attem]>t to overturn liis general 
conclusion as regards the received theary of the cause of the de- 
scent of glaciers, by scarchmg lor errors in the experimental data 
on which the conclusion rests. Had the result been that the 
actual shearing-force of ice is by twice, thrice, four times, or even 
live times too great to allow of a glacier shearing by its own weight, 
one might then hope that by some more accurate method of de- 
termining the unit of shear than that adopted by Canon 
JMoscley^ his objections to the received theory of glacier-motion 
mif^t he met ; but when the nnit of shear is found to be not 
aimply by three times, four times, .or even five times, but actu- 
ally by thirty, forty, or fiftv times too great, all our hopes of 
overturning bis conclusion by searching for errors in this di- 
rection vanish, even although there are some points connected 
with his nnit of diear that are not satisfactory.'' 

• PhIL Hag. S. 4. voL xl. p. 154. 
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ROTAL f OCISTY. 

[Continued from p. 7^>-] 

April 27, 1871.— Geaeral Sir Edward Sabiue, K.C.B., i'residea^ 

in the Chair. 

THE following coramuuiL'ations were read: — 
" On the Inorpasp of Electrical Resistance iu Conductors with 
rise of Temperature, auii its application to the Measure of Ordinaiy 
and F^DiMce Tempentaraa ; also on a dmple Method of memrii^ 
ElMtried Rmtencet."— The Bakeruu Leetm. Bj OharlM WU- 
liam Siemens, F.R.S., D.C.L. 

The first part of this Paper treats of the question of the rntio of in- 
crease of resistance in metallic conductors with increase of tc injx rature. 

The investigations of Arndtson, Dr, Werner aieraeus. and Dr. 
Matthiesscn are limited to the range of temperatures between the 
freezing- and boiling-points of water, and do not corapriie i>latinum, 
which 11 the most valnahle metal for 6onitructing pyrometric instru- 
ments* 

Several series of obsemlioiii are given on different metalB» in- 
cluding platinum, copper, and iron, ranging from the freezing-point 
to !i'">n^M>iit., n!uUlier ?et of experiments being also Lriven, extending 
the observations to J DUO Cent. These results are planned on a , 
diagram, showing a' ratio of increase which does not agree either with 
the former assumption of a uniform prog;res8ion, or with Dr. Mat* 
thieisen's formula, except between the narrow limits of his actual 
obserTBtions, but which conforms itself to a parabolic ratio, modUfiad 
hj two other coefficient9» representing linear expansion and aa nl^ 

mate minimum resistance. 

in assuming a dynamical law according to which the electrical 
resistance of a conductor increases according to the vi lacity with 
which the atoms are moved by heat, a parabolic ratio of increase of 
resistance with increase of temperature ftJlows ; and in adding to 
thb the coefficients jnst mentioned^ the resistance r for anj tempe ia*> 
ture is ezpiesscd bj the general formnk 

r-aT*+/5T-f y. 

which is found to agree Tcry cIoslW boih wiLh the experimental tlaUi 
at low temperatures supplied by Dr. Matthiessen, and witii the 
author's experimental results, ranging up to 1000° Cent. He admits, 
howerer, that further researches will be necessary to prove the limita 
of the applicability of the law of increase expressed by this formula 
to conductors generally, especially whennearing their fusing-point. 

In the sccf>nd part of this Paper it is shown that, io tnl^iing advan- 
tage of the circumstance that the electrical resistance oi a metallic 
conductor increases with an increase of temperature, an instrument 
may be devised for messuriug with great accuracy the temperature 
at distant or inaccessible places, including the inCeiior of ntmaoss^ 
where mefcallaigical or other smeltiDg^)perations are carried on. 
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In TncfisTirincj temperatures not exceedinp: 100° Cent., the instru- 
ment IS sa arranged that two similar coils are connected by a Hght 
cable containing three insulated wires. One of these roil.«t, "the 
thermometfir-coil/' being carefully protected against moisture, may 
be lontied into the sea, or buried in the ground, or fixed at any ele« 
fttod or tnaecMrible tiUoe wfame tempmtwe hai to be reoorded 
from time to time ; while the other, or "comparison-coil/* ia plunged 
into A test-bath, whose temperature is raised or lowered by the «d* 
dition of hot or cold water, or of refrigerated sol ti dons, until an 
electrical balrmce is established between the resistances of the two 
eoils, as indicated by a galvanoscope, or by a differential volliuiu ter, 
described in the third part of the paper, which balance implies an 
Identi^ of temperature at the two ooUa. The temperature of the 
teai-iDltttion is -thereupon measured by means of a* delicate mercoiy 
thermometer, which at the same time tella the temperature at the 
distant place. 

By another Hrranj^ement the eomparison-coil is dispensed with, and 
the resistance ot tli ^ Uu imometcr-coii, wliich is a known qimntity at 
zero temperature, is measured by a differential voitameter, wiiieh 
forms the subject of the tliird part of the paper ; and the temperature 
eorreaponding to the indicatioas of the instrument is found in a table« 
prepared for this purpose^ in order to save aU ealeubtbn. 

In measuring fhmace-tempsfalores the plat innm<»wire constituting 
Ihe pyrometer is wound upon n small cylinder of porcelain con- 
tnined in a clospd tube of iron or plntinnm, which h exposed tn the 
heat to be measured. If the heat does not exceed a tuil red heat, 
or, say, lOtlO** Cent., the protected wire may be left permanently in 
the stove or furnace whose temperature has to be recorded from 
lime to time ; but in measuring temperatures exceeding 1000° Gent.» 
ihe tube is only exposed during a measured interral of* sajt three 
Aunutes, to the heat, which time suffices for the thia proteetii^ casing 
and the wire immediately exposed to its heated sides to acquire within 
a determinnhle limit the temperature to be measured, but is not suffi- 
cient to soften the porcelain cy Under upon which the wire is wound. 
In this way temperatures excecdmz the weldinE-poiut ul iron, and 
approaching the meItinp;-potnt of piatinuni, can no measured bj the 
oame instrument by which slight Tariatbns at ordinary temperatures 
are told. A thermometric scale is thus obtained embncing without 
• break the entire range. 

The leadiiiL' wire«i between the thcrmometrir coil and the measuring 
instriirat'ut (which may be, under certain circumstances, several miles 
in length) would exercise i\ considerable disturbing iuUuence if this 
were not eliminated by means of the third leading wire bclbre men- 
tioned* which is common to both branches of the measuring instru- 
ment. 

Another source of error in the electrical pyrometer would arise 
through the porcelain cylinder upon which the wire is wound beco- 
ming conduetivp nt very elevated temperatures ; but it is showathat 
the error ari^inL^ from this source is not of serious iaiport. 

The third part of the paper is descriptiTe of au iustrumeut ibr 
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measurinp; electrical resistance without tlio nid of a magnetic needle 
or of resistance-scales. It consists ot' iw i \()! trimeter tubes fixed 
upon graduated scales, which are so conntctcti tiiat tiic current of 
a battery is ditided bebrcen them, with one branch Indadin^ a kMm 
and permanent resiBtance, and the other the vnknown letistaiice 4o 
be measured. The resistance and polarization being equal, and the 
battery being common to both circuits, these unstable elements are 
eliminated by balancin? them from tlie circulation ; nndan expression 
is found tor the nnku jwn resi-taiu e X in terms of the known resist- 
ances C and y of the vuitameter, including the connecting-win ami 
ot the volumes V and V of ga^es evolved iu an arbitrary space of 
time mthin the tubev, ris. :— 

X-J>(C+y)-.y. .0) 

Chanj^cs of atmospheric pressure affect both sidr^? erinally, and do 
not, therefore, influence the results ; but a reading at the atnios^tlicric 
])ressnre is o})fniiied at both sides by loworino: the little supply-reser- 
voir with dilute acid to the level iudicated xa liiu corresponding tube. 
The upper ends of the voltameter tabes are ckwed by small weighted 
lerers provided with eoshions of India-rubber; but after eseh obser- 
vation these levers are raised, end the supply-reservoirs moved so as 
to cause the escape of the gases until the liquid within the tubes is 
again brought up to the zero-line of the f^cnle, when the instrument 
IS ready for another observation. A merits of measurements are 
given of resistances varying from 1 to 10,000 uuits, shovviug that the 
results agree withm one-half per cent, with the independent mea- 
surements obtsined of the same resistances by theWheatstone method* 
The advsntages claimed for the proposed instrument are, that it 
is not influenced by magnetic disturbances or the ship's motion if 
used at sea, that it can be used by persons not familiar with dectricsl 
testing, and Uiat it is of very simple construction. 

" On the Change of Pressure and Volume produced by Chcuiicai 
Combination.'* By M. Berthelot. 

1. A sbgular question has arisen in the study of the gaseous 
combinations* vis. can the pressure be diminished in consequence of 

a reaction, at the moment it is accomphshed, at constant volume, 
without loss of heat, ?o that the phenomenon of explosion comes 
from the excess of atmospheric pressure upon the inner pressure of 
the system, instead of coming from the iuverse excels of the iuuer 
pressure ? The dbcussion of this question, however special it ap* 
pears at first sight* leads to general notions coooemmg chemied 
combination. 

2. The pressure depends upon the temperature evolved, and upon 
the state of condensation of the products. Let us determine this 

quantity. 

Let t be the temperature ])roduced by the real reaction, this 
being effected at a constant volume, admitting that the whole of the 
disengaged heat was employed iu warming the products. 
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Let V ]>e the sum of the volumes ol the gaseous bodies in th& 
initial sjbteni at 0^ and O^'-rCO. 

Ai toe temperature /, the final system coutaiua iu general certain 
giieoBS bodies. 

Let V be the ▼olume of these bodiei» supposed to be bnnigbt» 
withoql ebaDcing their BUUe» to OP and 0^*760. 

V' 1 

The idatkm -y expresses the coodeosation produced by the 
leaction. 

When certain bodies, contained in the initial system nt 0 , or in the 
final system at are iu the solid or the hijuid state, you can grenc- 
ndly neglect their Yolume in comparbon with that of the when 
the picssnres eve not too eoosidenble. Let ns eakalate the pzessure 
danng the leeclion which takes place at a constant Tolume and at 
the terapeiatiiie the initial temperature and pressure being 0^ 
and H. 

Admitting Marriotte's and Gay-Lussac*8 laws^ the pressure will 
beoome 

Hxi(l+al)i 

it will be greater than the initial pressure if i+a^>K» less if 
l+«/<K, or equal if Let ns olMenre that #«>S, 

c 

Q beiug the quantity of heat produced iu the reaction, and c being 
the mean specific heat of the products between 0*^ and 
Let us develope this solution. 

3. The pressure augments when the condensation is null, for in« 

stance chlorine and hydrogen, Ksb],— «nd cspecinlly when there is 
clilatfttioii (cnrnbustion of acetylene by oxygen), t bt injr always pOBt« 
live in a direct and rapid reaction between gaseous bodies. 

4. On the contrary, the j)ressure diminishes if K is very crroat — • 
that is, in the case of a system coutamiug ^a:>euu6 budics tiaubibrmed 
eniirefy into prodoots wmch are in the solid or %iiid state at the 
tempmiure developed by ike reacHam* This case is more rare 
than one would thmk at first sight, because very few compounds 
subsist wholly at the high temperature that would be developed by 
the integral union of their gaseous components. Gonernlly a j)ortion 
of these remain free nt the moment of the reaction; but iu the 
present &tate of our kiiouledge it is impossible to estimate the pres« 
aure corresponding to effects so complex. 

It is neeessary to considef tluit the present case must not be con- 
founded with the case in which the products formed in the gaseous 
state and at the temperature of the reaction are liquefied or solidified 
under the inffnence of a subsequent cooling ; for instance, the for- 
mation of water Ironi its elements, or of chlorhydrate of ammonia 
Irom hydrochloric acid and ammonia, produces equally a diminution 
in tbe final pressure. 

5* In theory the most interestmg case is that in which the initial 
nnd final systems are wholly constituted of guseona bedica whose 
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Tolume (calculated nt U"" and 0"'760^ is more condensed in the final 
than in the inilial system. But thii condeosatioit is always com- 
priied within veij mrroir Uiiiiti» ncli is Km 4 (fbrmatioii of 
AfiBDioiii acid hj iti dements), Kw3^ 2> IJ, fte;i to tha ftmdt* 
iientil conditiim 

lrJl<K,OT Q<2/a (K-1) c, 
0 

that determiues a diiulautioa of pressure, should be realized onljr 
in very exceptioml cases and whm the hiil evolved by an Integral 
reoetioa is very little. 

One can ascertain it by making the calculation by means of the 

specific heats at constant volume (deduced with ordiunr? coerticient 
from thp s|)priHr h?hts at constant pressure which M. Kpimnitlt has 
^ determined lor innnv hodips). One can also mflke the Lulciilatln:! 
in a more general rmiimer, by admitting with Claudius that the 
speciiic heats at constant volume have an identical value for the 
atomic weights of elements, that thia valne is equal to 2, 4, the 
number found for H= 1. and that it does not change from the het 
of combination* W being the quantity of heat produced in a reac- 
tinti between gaseous bodies rnicnInteJ for atomic weights, and n 
the number of ato[ns in the reaction* the pressure will dimioish 
only if 

W<655n(K-l). 

It ia easy to see that this condition Is not fuMUed in the combi* 
nations best known. Caloulating, either by means of this fbhnula or 
by means of the preceding, I have not succeeded in discovering any 
example of diminution of pressure among the numerotti tcactionsl 
have examined in this present rescnrrb. 

Besides, it is suffieieut to mnki the calculation for the reaction 
supposed integral, the conclusion being generally the same for the 
reaction supposed incomplete — that 11 to say, in the case of dissocia- 
tioUf as it would be easy to prove. 

6. Withont further extending this discussion, I believe that a 
new general proposition relative to chemical combination can be de- 
duced from it. It is known tlmt evprv iVwvrt rrnction which can be 
accomplished in a very <;l\ort time hi t^veeii gaseous bodies \*ith for- 
mation of gaseous cuiiijiouiids, proiluces a disengagement of heat: 
this is true for all reactions evolved by chemical Ibrces alone, acting 
withont help of any work done by eiterior forces*. The new pro- 
position is the following : — 

The heat produced in a reaction of this sort, supposing It to be 
applied exclusively and without any loss to warm tne products* it 
such that an augmentation of pres^'tiri' a!wav^ tnkes place nt a cnu- 
stant volume, or, what is the same thing, an auguieutatiuu of volume 
at a constant pressure. 

* Tbid propodUcm it eontainfld in a mora genehd one, wfaidi I hare given 
in « iiuules ae Cbimiest do Fbyaiqas^* 4>v sM^ tk iT^ 
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This proposition results not iVom any ti priori dedactioDt but is 
▼erified by the Tvhcle ot farts known to this day. 

7. One may ask if the change of volume, in which the cases keep 
the ufable Ml vndwoed lyr tiidr mutual actions, is reguUted by a 
ainple law* aaauigoui to tnose that have been obaemd whan the 
gaaeons oomhiiiatioiis are brought to the aame temperature s neYer« 
thelesa it does not appear to be so. 

Let w> compare the formation of the different hydrjicids by means 
ot thi ir ccaseous elements, which gives no change of Tolume when 
the gas IS reduced at 0° and 0""760. 

The formation of chlorhydric gas, II CI, produces 23,900 calories ; 
the Ibnnatioa of bromhydric gas, U 13 1, prodnoea 13»400 calories ; 
tlie formation of iodhydrie gas, HI, produces 800 calories. The 
epeeiftc beat of these gases being nearly the same nnder the seme 
▼olume, it is clear that the quantities of heat aforesaid cannot pro- 
duce an fitigmoitation of Tulomea identical or proportional with simple 
numbers. 



OBOLOOICAL BOCIETY, 

[Continued from p. 79.3 

February- 2:^, i^7i. — Joseph Prcstwioh, Es(j., F.K.S.J President, 

in the Chair. 

The following communications were read : — 

1. ** On supposed liorings of Lithodomous MuUusca.'' By Sir W. 
C. Trevelyan, Bart., M.A., P.G.S. 

2. " On tho probable Cause, Date, and Duration of the Glacial 
Epoch of Geology." By Lieut.-Col. Dray4»ou, ll.A., F.JLLA.SS. 

In this paper tJtie author started &om the fact that the pole of ihc 
eeliptio oonld not be the centre of polar motion, as tho pole raried 
its distaaoe from that centre. He indicated tho cnrre whidi the 
pole did trace^ and this curve was such as to give for the date 
13,000 B.C. a dimato vorj' cold in winter, nnd very hot in summer 
for each hemisphere. The duration of tho ^'lacial epoch he fixe^ 
at about l(),UOi> years. Tho calculations resultin^i; from this xaovo* 
meat were stated to agree accurately with obbcrvution. 

3. " On AUophanc and an allied Mineral found at Iforthampton." 

By W. D. Herman, Esq. 

In this pa|)er the author gave analyses of an amorphous, trans- 
lucent, reddwh-yellow mineral, found iucrusting sandstono in the 
Ironstones of the Northampton sands, the comparison of vhich with 
lix, Korihcote's analysis of allophane from Charlton leads him to 
inlbr the idmitity of the two minerals. He also noticed a soft 
white Bttbetance found in certain joints in a section of the Xorth- 
arapton sand, and also referred to allophane by the late Dr. BcrreU, 
who analyzed it. This suljstanee was said to occur not ujifreqncntly 
in the Inferior Oolite of the Midland Counties. By analysis, it was 
shown to agree nearly with bamoitc and Halloysittj. 
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4. Notes on the Peat and naderljiog Bede obaemd in the 
o<nistraotton of the Albert Dock, HnlL" B7J.C. HawkihAir, Si^ 

M.A., F.G.S. 

IJm Albert Dock is situated on the foieehoio of the river Humber. 
The excavations for tlio dock extended over an area of about thirty 
acres, nnd they were curried down to a depth varying from 8 feet to 
27 feet Vh 1 ow low water of spring tides. Beneath the more modern 
deposits oi Humher silt a bed o£ peat, Hesale Clay, Hostile Sand, and 
purple clay wece muoemrelj met wi^ The peat was found at the 
west end of the dook at the level of low water; at the east end the 
bed dipped so that the npper soxftoe was found at 8 &et below the 
level of low water. In the peat were found the remains of a fiie, 
which the writer attributed to human agency. Oak-troes of larp^e 
size were imbedded in the peat, some of which had pro'^ii wli- re 
they wore found, as was shown by the stocks rcraainiiig with liie 
roots penetrating the Bouidcr-duy beneath, in. ouc oak-tree, 5 feet 
iu diiuueter, a hole was firand flUed with acorns and nuts. Many 
of the nuts were broken open at the endi, and had evident^ fimned 
part of the store of a squirreL Bemains of Coleoptera were found, 
and one horn-core of a Bos. The exoavation did net extend beknr 
the upper parts of the purple chy. Some of the borings, however, 
penetrated the chalk at a acptii of So fvH b<')ow low-water level, 
pai>sinf? through a bed of sand 1(5 feet tliit k Ulow tlic purple clay. 
{Several thousand cubic yurdb of this sand were brought up into the 
fonndatioiis by springs of water whidi flowed up through old bote* 
holes. The abstracHon of this sand fitmn beneath the elay-bed 
caused it to subside many feet. The writer thinks that analogous 
subsidsnees may take place from natural oanses — ^for instance, where 
large pprings oconr in tidal rig ors. Two Rections exhibited showed 
the be ls ;ibove the chalk for a distance of i mOut more than a mile 
along the ioreshore. Tlie Hessle sand was ^howu to thin out to the 
westward. It doe« not, iu the writer'8 opinion, increase in thickness 
in that direetion, as it was shown to do in a section already published 
in the Prooeedinga of tiie Society. 



XIX. JtUeUigence and Aitscelianeous Articiei, 

ON THE INFLUENCE OP A COVSEINO OF SNOW ON CLIMATE. BY 
A. WOIEIEOF, VBMBSR OF THE IMFEEIAL EUSSIAN OBOOEA- 
PBICAL SOCIETY. 

St Fetenbofgb Febmaty 30, \B7l, 

THE influence of a layer of snow resting on the earth's suifiMie in 
the colder porticms of the earth duiing winter has* to ay know* 

ledo^e, never beeT» considered in hf* jrenernl bearing on the elioiata 
and the conditions of the population livinjj: in these countries. 

The first and most apparent lutiuence o( snuw is the protection 
it affords to our crops from the cold of winter. Where the snow- 
mantle appears regukrly, winter crops ate alwaya sure, be the 
cold OTer so intense. In the steppes of South and Bast Rtmia , 
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where little snow falls in winter, and this small quantity is often 
blown away by the ^^trong winds, wi[Ucr rrojis arc scarcely atteni])ted 
at all. On the uorthera coa^ita of the Black i^ca, summer wheat and 
IndiiB com in Tery good ; Imt winter wheat Is ■ preevioot crop, 
while to Hw norths in Podolia, it is the principal crop. Th«re m 
Ibiests afford a protection against the wind, the snow faUs more oo- 
pionsly and cannot be blown away. 

As n bad conductor of beat, the snow isolates the warmer ?oil 
from the cold air above ; and there is no doubt that it renders also the 
winter cold more intense, as the air cannot receive heat from below. 
In countries where the snow-covering is not pci mantnt, as Western 
Bnrope, this influence of snow is well known, and people expect 
great cold where a layer of snow has fallen and the sky clears. In 
oavntriea where snow usually lies the whole winter, as Russia and 
the northern parts of America, this is not generally understood, and 
in Russia people say it is colder without snow than with it. This 
feeling is quite natural. The first frosts of autumn are more severely 
felt because the human body is not accustomed to them, and also 
because the air is drier than with snow, and a cold dry wind is more 
Mfcvdy felt tiian n cold moist one. 

Thegieat rdatiTe humidity of the air is m most important feature 
of the coantries covered with snow in winter. It is as easy to account 
for it as for the humidity of an island in the middle of the ocean, or 
of a place situated in an extensive swamp-tract. The wind may come 
from every side, it has always to pass over a large evaporating sur- 
face, and absorbs moisture it it was originally dry. In countries 
where cold strong winds predominate, as in the greater part of North 
America and Eastern Asia, this will he less the case, as the winds, 
vapidly passing over the land, have not the time for absorbing much 
moisture ; and the dryness of the air in the United States is felt by 
Europeans going there. But in countries situated like Europe and 
Western Asia, where the cold winds arc usually weak, and only the 
warm southerly w inds stronir, the air will be always nearly saturated 
when the soil has a snow covering, as the cold winds in their slow 
progress have the time for ahsorbing moisture. This feature of cU* 
mate is extremely important in the examination of storms. It was 
one of the chief merits of Espy to have pointed out the importance of 
vapour in the origin and progress of storms ; and this i-^ now gene- 
rally admitted. If a ?torm is signalized and the beginning ot its 
path stated, it is important to know the quantity of vapour dissemi- 
nated HI the countries where it is likely to pass, and the quantity 
which may be expected to be condensed as rain and snow. Now, 
the lower the temperature fells, the more uncertain are observations 
of the psychrometer ; and I am of the opinion that it it not a sure 
guide below the freezing-point. This stated, it is very important to 
have some -general idea as to the quantity of vapour over the cold 
spaces of the earth's surface. Now in countries situated like l'h]r(jj)e, 
relative humidity will scarcely fall below 75°-80° so long as the 
earth is covered with snow, so that the quantity of vapour in the air 
of thete regions may be very nearly known if we know the tempetu<- 



ture. la an exanunation of the baiometrio range in Boiopean Ri(Mi% 
aiidSilwiitvWMiietiBie tgo, Ihm stated that not only doMtl^ pfM- 
sure of the air rue in winter ai wa advance from the weiteni coast o(, 
Bmope Into the interior of the continent, but the barometric nunimar 
rise even more ; so that, for exaraple, in NtTt«chin«k, in Eastern 
Siberia, the mean of the bni umetric minimii of .I:uiuary, reduced to the 
sea-level, is 30*23 incliLs, and the lowest j>re!«aure h;ip|iL luiig seven- 
teen years in this muath was equal to 29 * 93. If we consider that at this 
place the temperature nemiiaea above 14^ F. in Jannaiy, tfaocffNt 
of ccdd and saall quantity of va|wtur io the dr in aneating the prognia^ 
ofatonns in winter will he clearly seen. In European Pniiia the 
barometric minima are lower in winter than in the other seasons. 
This shows that the stom«! of the Atlantic take their course over 
our country. Speaking generally, the path of storms is from N.W, 
to S.E. ill Nvintt r, because they cannot advance in au ca»>Lvvard ui- 
rectiuu tiiey bc|^an, being arrested by the cold. The colder the 
tempeiatnre is, m sooner &e stormi mnet torn to the aouthwatdi 
and titfa will he mneh nore the ceie in January than in Novemhpr 
and March, when the storms of Europe sometimea advance into ^ 
interior of Siberia. 

Another feature of the snow is that of Rrrestin? the progress of 
temperature above the freezing-point so long as it lies. In rising 
above, the heat is employed in melting the enow ; or, in the language 
of the mechanical theory of heat, it is transformed into work. We 
have some atriking fiwte of this kind in Ruieia. For eiaaple, Bai^ 
naulf hi Western Siberia, has a winter temperature lower than Si, 
Petenburg by nearly 1 8^ F. Yet the thermometer sometimes rises as 
high as in this last place in winter, because Barnaul has the Kirghi* 
steppes to the pouth-west. As they are seldom covered with snow, 
warm winds can pass across them and without losing their heat, 
while before arriving at St. Petersburg they must lose much of their 
heat in melting the snow over an extensive tract The result is that 
•eMom a winter month paaeee withoot temperature! above freesing* 
point } but in January and February the thermometer doea not rise 
above 89°* while at Barnaul a temperature of 42° mi^ occur at thai 
time (for exnmple, on the 4th, oth, and 6th of Febniary ISSfO. 

I have mentioned already the clfect of the snow in check int^- the 
rise of temperature, and euipluying more abundant heat in melting. 
This is must telt in spring, and lowers much the temperature of this 
time of the year — as, for example, while in Central Burope, at soma 
dbtanee from the lea. April haanearlythesame temperature aaOclober 
in the same latitude^ in Russia the warmth of the sun't r%ju cannot 
raise the temperature of the air so much, and April is generally 4*^ F, 
colder than October, while May has the same temperature as Sep- 
tember. As soon as the snow is melted our climate assumes its 
true continental character. In more northern parts of Russia it is 
May which stays behind September — as, for example, at Archaugel« 
Bcreioet and even Yakutok in one of the meet continental di* 
matH of our planet : in this last place May is more than 8^ oqUh 
than SeptembeTi while March is than NovembeTt 
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I mast now state a la?t point — the influenee of forests in equalizing 
the layer of snow and giving to it all iL-^ hcnchclul effects. Without 
the forests a srrcat mass of snow ukea a clicck to all communica- 
tion, as, fur example, at thi^ mumeat in Suulh Ilui^^iu, wlicic most 
of the railwaji are stopped. The tumfually great maaa of aaow is 
Mown in all direetioiis by-tlie wind nnimpeded by trees, ■• tone of 
these places were always steppes ; In others man was too shOfU 
sighted to let the trees stand. The effect of the melting of snow on 
the rising of rivers will be quite different in a wooded and n bare 
couDtry, In the first the snow will lie sometimes a montli longer 
than in the last, and accordingly the fioode of the rivers will be longer 
continued but less high and devastating. Every one who has iuha« 
bitad the eonntry will be stmek by this leet, and its bearing on tfan 
diBMie and the well*being of the population all around. Qeil9iilly 
qienkittg, as 1 have stBtad« the effects ol a layer of snow are ben** 
ficent to man. The proportion of the crops is of enormous econo- 
mical worth. 'I'liC greater moisture of the air h also ^ood ; and even 
the cold of 8])rin[2;, caused by the meiting of biiow, has its good j-ule. 
The too rapid advance of vegetation in early spring is checked by it, 
and protracted to a time when the vegetables have less to fear ftxim 
night ifOBts. Noitfaem Europe, for example^ suffers much- less from 
Hda oosae tban the sooth, where tbe returns of cold in spring eanse 
great damage every year. Only two serious effeets are sometines 

felt — the interruption of communication in ?now-storm9, and the ^eat 
floods of spring. But both nf these drawbacks can be uvoidt d by 
the forc?i£fht of man, aij forests arrest the progress of winds and 
cause a tduw melting in spring, so as to store a great quantity of 
water to supply our rivers.— -SiUiman's AmarkaB Jmamd, Svlj 
1871. 

* • 

OK BLECT&O-TXJLBQ&Af nY« 

To the Editors of Ihe Philosophical Magazine and Journa!. 

GaxTLSMaM, Telegraph Street, 

July 15, 18/1. 

As Af. Schwendler hns referred to a statement of mine in his 
paper m your July Number, may I be allowed Lu say bu is correct in 
stating that the " diunt" he doeribes was invented by a telegraph 
derfc (Mr, Higgins). Its appUeation to oveilaiid telegraphs is men* 
tioned in the handbooks supplied to the staff of the Indian Telegrapli 
Department in 1SG7, where it is also stated that the proper resist- 
ance of the " shunt " ia about equal to that of the eleetroioagnet to 
which it is attached. 

I am, Sir, 

Your obedient >Scrvant, 

R. S, CVLLST, 



Digitized by Google 



160 



ON THS BAUPTION TBXOAY OF TUS QOEONA* 

7b ike Edttort of the FhiioiOfhical Magazine and Journal. 

In your Supplementary Number for June last you say fpf^tr^" 'i^T) 
that " Mr, Proctor ha? lately broached a theory of solar eruption, m 
which he considers that the solar coronal matter connsts of meteors 
ejected from the sun. and rushing through the photosphere with a ve- 
locity of 200 miles per second/' &c. 

I pmmiie that Mr. Plroetor will be m vnich mprimA m myself «t 
this affiliation, inunoch «• in FinMcr*! Maganne Ibr April last he 
discussed this idea as one which " astronomers first saw enunciated 
in Mattieu Williams's ' Fuel of the Sun/ *' and pointed out the confir- 
mations which the recent observations on the corona, and the actual 
measurements of eruptive velocities by Zullncr, afforded to this ex- 
|)laQation« which incidentally and unexpectedly iorced itself upon me 
in working out the necesrary physical consequenees <|| the nnlimitod 
cxtensian of ordinary atmospheric matter in the woik to which Mr. 
Proctor r( ferred. 

As the Philosophical Magazine ie one of the permanent records of 

the pro^ss of science, it is but a ynattcr of justice both to Mr. 
Proctor and myself that this mistake should be corrected. 

Youre truly, 

W, Mattieu Wii-nAMa. 

Voodade Oraen* Gfoydon, 
June 20, 1871. 

([Although to a certain extent a similarity may exr?t between the 
theory enunciated by Mattieu Williams in his \vuik entitled the 
*Fuel of the Sua ' and ihut which wc have ascribed to Proctor, in 
aome important particulars they differ materialljr. It ii geneiaUy 
understood that the principal material of the solar promiaeaces is 
glowing hydrogen, which, according to Proctor, rushes outwardi 
throTi[:^h the photosphere in countless exceedingly fine jets. Accord- 
ing to Williams, the clement? of wntcr and metallic vapours are 
ejected by continuous explosions from the body of the sun during the 
upruah necessary to restore the equilibrium disturbed by the down- 
nsh forming the spots. Beyond the photosphere, the products 
of combustion of metallic elements scUdHy in consequence of a series 
of condensations, hy which metallic snow and hail are produced^ flUing 
for a time the coronal space and then are rained back upon the son. 
The only point, so far as we cnn *ee. in which the two theories agree 
is Umt the corona consists of solar mnttAT ; butss to the nature of the 
materials the theorists differ. — UKvifiWiiA.J 
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XX . On the Reduction of the Second Axiom of the Mechanical Theory 
of Heat to general Mechanical Principles, By E. Clavsi us *. 

1. TN a memoir recently communicated and pabluhedt, I 
J- have advanced the following theorem, valid for every 
stationary motion of any system of material points : — The mean 
vis viva of the sysiem is equal to iU tirutL This theort m may be 
regarded as one of dynaiuical equilibrium, since it gives a rela- 
tion which must subsist between the forces and the motions 
called forth by them in order that the latter may continue with 
their vis vivrr, on the average, neither increased by positive work 
of the fom s nor diniiinshed by negative, but, amid {lassing Huc- 
toations, inaintaining a constant mean value. 

As the maj!:iiitiRle which I have denoted by the name virini is, 
with equal ctjoidinates of the material ])<)iiiLs, proportional to the 
lorces operating u])on thtiii, the vis vivd of stationary motion is, 
cifiens paribus, proportional to the forces which it balances. If, 
then, we regard heat aa a stationary motion of the buiailc.st par- 
ticles of bodies, and absolute temperature as the measure ot the 
vis viva, we shall find no difficulty in recognizing the agreement 
of the above-mentioned mechanical theorem with the law ad- 
vanced by me in an earlier memoir — 77ie effective force of 
heat is proportional to the absolute temperature* 

* TraDslated from a separate impression communicated by the Author, 
having been lesd before the Niederrbttniache Gesellschaft fiir Natur- uud 
H«ilkunde,on November 7» 1870. 

t Sitzuugsberichle der Xiederrheinischen Gesellschaft/ Nat. u. HtUk. 
June IH/O; Pogg. Ann. vol. cxli. p. 124 ; Phil. Mag. S, 4. vol. xl. p. 122. 

I Pog^> Ann. vol. cxvi. p. /J ; Abhandltmgen iiber die meckamschen 
WSrmetkmtrit, vol. i. p. 242. 

Phil. May. S. 4. Vol. 4d. No. %79. Sept. 1871. M 
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If, however, we wish to make this law the haais of a mathe- 
matical development^ we mast give it a more definite form^ 
because the expression effective force of heat may admit of differ- 
ent interpvetatiops. Hence in that memoir I bsve, for the pap- 
pose of thus applying it, expressed the law more fiilly,aB follows; — 

The tnechanieal work which can be done hy heat in any alieroHon 
of the arram/ement of a hodt/y is proportiotud to the aiiobUe tem" 
peratwe at which the alteration takes place. 

In order to express this law by a mathematical equation, let 
us imagine the body undergoing an infinitely small alteration r>f 
its condition, the change proceeding in a reversible manner, in 
whicli the quantity of heat contained in the body as well am its 
constituents may be altered. Work may cither be performed 
(when the internal and external forces operating on the particles 
arc overcome) or expended (when the particles yield to the forces). 
This infinitesimal work may be ilenoted by r/L; work performed 
is reckoned as positive, and work expended as negative. Then 
the following equation will stand as the expression of the above 
law: — 

dL^'^dZ, (I) 

in which T denotes the ai)solute temperature, and A a constant, 
namely the caloric equivalent of the work, and Z represents a 
maeTiitude which is perfectly determmed by tlie present condi- 
tion of the body, without it being necessary to know in what way 
the body has come into this condition. This magnitude 1 have 
nauii d (lis(jre(j(itiun of the body. 

If we further assume^ us I have done in the above-mentioned 
memoir, that the absolute temperature of a body is proportional 
to the quantity of heat present in it, and denote this quantity 
hy we can put 

T«CH, 

in which C will be a constant. The preceding equation ia thus 
transformed into 

dh^^dZ. 

The fraction herein occurring, rcprcseuts the quantity of 

heat present in the body, measured, not according to the naual 
heat-scale, but mechanically ; therefore, in other words, it repre- 
sents the vis viva of that motion which we name heat. By in- 
troducing for this maguitude the simple sign h, the equation 
becomes 

dh^ChdZ (2) 
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Wc have now to find for tliis equation an explanation founded 
on mechanical principles. For this purpose the above the<2rein 
concerning thr virial furnishes a clue, inasmuch as it indicates 
the nature oi the considerations which must be employed. But 
it is not alone sufficient ; the investigation requires iu addition 
eertam new and peculiar developments^ which are to form the 
iobjeet of the present meaiour. 

2* To begin with a ease as simple as possibte in relation to 
the kind of motion, and thereby facilitate the view of the mode 
of eonaderation which here oomes into usei we will first suppose 
ft single material point, operated on by a force which may be 
represented by an ergal — that is, the components of which, re- 
ferred to three rectangular-coordinate directions, arc expressed 
fay the partial differential coefficients of the three coordinates of 
the point, taken negatively. Under the influence of this forcct, 
the point will have a periodical motion in a closed path. 

Now let us imagine this motion to tmdcrpo an infinitely small 
alteration, resulting: in a new p( riodical motion. This conver- 
sion of the motion can be occasioned in three ways : at any place 
in the path, thron^^h a passing external influence, the velocity- 
components ~i *^jf and ~ may be infinitesimally altered, and 

then the point may again he left to the operation merely of the 
original force; or an infinitesimal alteration may occur in the 
force (>j)crating on the point^ — for example, a dian^jje in the value 
of a constant occurnug in the ergal. The thud cause of con- 
version of the motion will not occur in our considerations on 
heat, bat is of interest for a comparison which we shall' make 
further on : it is the point being compelled to describe a path 
somewhat deviating from the one chosen by itself-^which is also 
connected with an alteration of the force, because then to the ori- 
ginal force is added the resistance which the new path-curve has 
to perform. 

We will now investigate whether, in all these circumstances, 
there exists a universally valid relation between the alterations 
of the different magnitudes occurring in the motion. 

3. The alterations undeigone by the coordinates of the point, 

its velocity-components, the components of the force, &c. shnll, 
as differenlials of those magnitudes, be denoted as usual by the 
]?refix d; so that, for example, da; will signify the variation in 
during the time dt. On the other hand, the alterations of those 
magnitudes which result from a ditferent motion taking 'the 
place of the original one shall be called variations of the magni- 
tudes, and be denoted by prefixing the letter B ; so that, e, rj., 
the difference between a value of x in the original motion and the 
corresuonding value in the altered motion will be signified by Sjr. 

M2 
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In reference to the latter, however, a special remark mofll be 
miide^ which is of importance for the following. If the altered 
notion is to be compared with the initial one in such a manner 
as to show how the values of » in the one differ from the oorre« 
sponding values of 9 in the other motion^ we mnst first settle 
which vdues of x shall be regarded as corresponding to each 
other. For thu pnrpose, any two points infinitely near each 
other in the two paths may first be taken as corresponding 
points. Starting from these, in order to obtain the remaining 
corresponding points we take as a measure a magnitude which 
changes in the course of the motions, and settle that those points 
in Hie two paths which belong to equal values of ihv Tnensuring 
magnitude nrc mrro^pomling points. As measuring magnitude, 
liowevcr, one irmst be ciiosen which for an entire revolution has 
equal values in both paths; for through an entire revolution the 
movinc- |»oint always arrives again at the chosen initial point in 
each (1 lIk tuu paths, and these we have already taken as cor- 
responiiitig points. 

Wc will now determine the measuring magnitude in the fol- 
lowing manner. Let t be the time of a revolution with the 
original motion, and / the variable time which the moveable 
point requires in order to pass from the initial position to another 
one ; then we will put 

t^i4> W 

For the altered motion, let the time of a revolution be denoted 
by and the variable time, reckoned from the point's leaving its 
initial position, by ; then we put 

If, now, <f> has equal vahies in both expressions, / and /' are cor- 
respondinir times. Tlie correspond in times being in this mnn- 
ner determined, the corresponding points oi the two paths ami, 
accordingly, the corresponding values of x, y, z, &c. follow of 
themselves. 

The magnitude <^ we will call the phase of the motion. During 
one revolution the phase increases one unit. ^Vith further in- 
crease, the phases which differ by a whole number of units may 
be regarded as equal, in the same sense as angles which differ by 
multiples of 2w. 

Subtracting the first of the two preceding equations from the 
second, there results 

The difference f—t is the variation of i, and the difference 
if^i the variation of t. Denoting these by 5l and Hi, we can 
write 

^/ss8i.^, (4) 
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whence it follows as a role that, if we wish to variaU eqnation 
(8)» we must regard the magnitude ^as constant. On the con* 
traijy if we wish to Hffermtiaie the 9ame equation, we nrnst 
regard t as constant^ because the differentiation refers to the 
coarse of a determinate motion, in which the time of a revolataon 
t is a given magnitude. We thus obtain 

di=idi^ (5) 

4. These preliminaries being settled, we can now proceed to 
the proposed mathematical development. Taking the expression 

2* oar, and differentiating it according to we obtain 

Now, in vari^ition the j)ha>n (/) is rcjxardrd as constant, we can, 
when a magnitude varies and is to l)e differentiated according to 
change the order of these two operations and therefore put 

Thereby the preceding equation changes into 

This equation may be transformed in the following manner : — 
d /dx^\ d^x. di ^ . djcJisB dt\ 

T4>\di ^'r d?'W di\dF ' 3*; 

^ dl' d<l> dl "d~^ dl ^\dl) d<l> 
d^X dt ^ 1 dl ^/dx\'' , dt 

^Wdij.^'^idf^di) ^\dt) V 

Putting hereini for the diffierential coefficient its value from 

equation (5), there results 

This equation shall now be multiplied by d^p and then integrated 
from ^s«0 to 1 ; that is, for an entire revolution* 

The integration on the left-hand side may proceed at once, 
and we obtain 
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in which 0^ and signify the initial and the final 

fdoe of ^ B^e, 

As with an entire revolution the final is equal to the initial 
value, the equation passes into 

As to the terms on the right-band side, it is first to be re- 
marked that in the integration according to <^ the magnitudes 

f and Si are to be regarded as constant. Further, when any 
magnitude dependent on cf) is to be integrated from 0 to 1 (for 
eiampiey x), the following equation ean be formed 



J'' 1 



Distinguishing the mean value from the variable quantity by 
putting a horizontal stroke over the sign which represents the 
variable, we can write 

11 _ 

xd<^=x (11) 



What is here said of the quant ity x hultis good aUo of the quan- 

tities Bx, ) $ end ) * oocurring on the right-hand 

side of the above equation, in reference to the last quantity it is 
further to be remarked that the mean value of a variation is equal 
to the variation of the mean value — ^thst thns we can write 



M 

Accordingly the equation obtained by integrating equation (9) 
is the following, 



0-.5s,.i.OV(J)&. . . . (13, 

or, dividing by i, and transposing the first term on the right- 
hand side to the left, 

similar equattons to those here derived for the s co- 
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ordinate are Talid also for the y and st coordinatea^ via. 



-S«--=^<|)' + (^ySl08«-- • . (144) 

Adding these three cquatious^ and at the same time taking 
into oonaideration that 

©"-e)'-(^)"=-- • • • ■ <■=) 

in wbteh v signifies the velocity of tlic pointy tlie resnlt is:— 

- (S S' + = k^^+^Hi- (16) 

If we multiply this eqaation by the mass m of the material 

pointy we can introduce, instead of the products ^d?' 

and m the three components (taken in the directions of the 

coordinates) of the force operating on the puiuLj which may be 
denoted by X, Y, and Z, Lim^i 



-(X&P + YSy -t- ZBz) = 1 5»H rnv'^B log i. . (17) 

In reference to the force operating on the point, we have pre- 
supposed that its three components may be represented by the 
partial differential coefficients, taken negatively, of a function of 
the coordinates of the point. If, for the original motion, we de- 
note this function (which we eall the ergal of the point) by U, 
we can give to the preceding equation the following form : — 

or, more briefly, 

6U=^5?+«^^log» (19) 

5. In this equation we must first consider the expression SU. 

In every case in which, with the altered motion, the ergal is 
still i'cpiL;*ciitcd by the same luiiction U BS with the original 
the quantity 8U (the altcratiun of the mean value of the ergal) 
expresses the work done in the transiuon from the one stationary 
motion to the other. If, then, we have done above in the 
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equations referring to beat, we denote by SL tbe work performed, 
we can pat ^ 

fiL»8U (20) 

When, on the other hand, tlie change in the motion is occa- 
sioned by the fact that the force operating on the point has 
been changed, the thiug is not quite so simple, but requires 
special consideration. 

(5. As said above, the alteration uf the force may be imagined, 
mathematically, conditioned by a constant wliich occurs in the 
ergal changing its value by an infinitely small qu uitity. With- 
out going into this more closely, \vc will only make the following 
assumption, which comes to essentially the same thing. Th& 
crgal, wbicb witb tbe original motion was represented by tbe 
function U, tball witb tbe altered motion be represented by tbe 
earn U+f^V, in wbicb V siffnifies any otber function of tbe co- 
ordinates, and an infinitely small constant factor. 

In regard to tbe occurrence of tbe increase /iV, bowerer, we 
will prdfiminarily make tbe subeidiarj assumption tbat tbe in- 
crease does not take place suddenly at a certain moment, but 
proceeds gradually, during an entire revolution, — the infinitely 
small factor wbicb stands before V increasing uniformly during 
that time, so as just to reach the value fi at the end of the revo- 
lution, and then prescmng this value constant during the suc- 
ceeding revolutions* Accordingly, during one element of the 

time di, tbe factor will increase by or, wbicb is tbe same 

thing, during an element of the phase the factor will increase 

by fi (i(fy. 

In order now to determine the work- variation which cor- 
responds to the entire transition from the one stationary motion 
to the other, we must tirst give the wui k-variation for any selected 
individual phase <j>^. For this purpose let us consider the move- 
able point from the moment when, m its revolution in the ori- 
ginal path, it just passes tbe place which belongs to the phase 
and let us follow it bence tbrougb two entire revolntiona. 
Tnese comprise, 1 st, tbe remainder of tbe revolution commenced 
in tbe original path ; 2nd, tbe revolution during wbicb tbe alte- 
ration in tbe eigal takes place ; and, 8rd, tbe commencement of 
tbe revolution in the new path as far as tbe phase Tbe work 
done during this time may be divided into two quantities, corre- 
sponding to the original ergal V and the increase yuY. 

The first quantity is expressed very simply ; for if U| denotes 
the value of U in the original path belonging to tbe phase 
and U, + SUj the value belonging to the same phase in tbe new 
path, then 6U| is the lir^t quantity of work* 
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In the determination of the second quantity, we must, on 
account of the gradual nature of the increase conceive the 
factor /i. divided into an infinite number ot parts, and for each 
part reckon as the initial value of V that which corresponds to 
the place where the moveable point was at the moment when 
this part commenced. Considering thus the part which 
has arisen dm ins: the phase-elrment from (f) to (f)-}-d(p^ wc have 
to iurm lur iL as exprcb^sittn of the work the diiicrcuce 

/^*(V,-V), 

in which V and Vj denote those function- values which helong to 
the pba!«es (f> and <^,. Properly the variations of the function- 
values would also have to he taken into account, because the 
moveable point is, from the beginning of alteration of the force, 
no longer in the original path. As, however, these variations 
are inliuitesiinal and the factor fi is al^o infinitelv small, only 
intiuitely small quantities of a higher order would heucc arise, 
which may be neglected. In order, then, to extend to the whole 
increase the above expression, which is valid for an inlinitesimal 
part of it /aV, we must integrate it from 0 to 1. By resolving 
the parentheini the expression is divided into two terms. The 
lirst gives fjN^d<f> by integration, or, since Vi is independent of 
simply fbVi. The integral of the other term, c^n he 

represented b^ fiV, if Y denote the mean value of V daring an 
entire revolution. Accordingly the second quantity sought is 

By adding the two quantities, we obtain the variation of work 
oorresponding to the phase namely 

8U,+M(V,-V). 

lii order to deduce, further, the work hh, which refers to the 
whole alteration ot the stationary motion, wc uiu^t multiply this 
expression by dj>if and once more integrate it from 0 to 1. We 
thus obtain 

for which, since in the first term on the right-hand side the in- 
tegral of the variation may be replaced by the variation of the 
integral, we may write 

Jo Jo 

The integrals J* U,£^^, and /aJ^ ^1*^1 signify the mean values of 



i^iyui^u^ Ly Google 



170 



Prof. R. Clautiiis 011 the Seeomd Axiam 



U, and Vj daring one revolution, or, which amounts to the 
same, the mean values of U and V during one revolution, which 

are denoted by U and Y. The integral J* ia likewiaa 

equal to V ; and consequently 

«L=«U +/»(?- V)«8U. 

We have thus for this case also arrived at the aame aimple 
resolt which we have already expressed for the other cases in 
equation (20). 

To obtain this result, we have made the special assumption 
that the alteration of the ergal proceeds uniformly during one 
entire revolution. But we may also extend this result to an- 
other case, and one which is important for the following. We 
will imagine that, instead of one point in motion, there are 
several, the motions of which take place in essentially like cir- 
cumstances, but with different phases. If, now, at any time / 
the infinitely small alteration of the ergal occurs which is ex* 
pressed inathewaticaily as U changing into U+/iV, we have for 
each single point, instead of /i(V— V), to construct a quantity 
of the form /a(V— V), in which V represents the value of the 
second function corresponding to the time t. This quantity is 
in general not =0, but has a positive or negative value, accord- 
ing to the phase in which the point in question was at the time 
But if we wish to form the mean value of the quantity /a(V— V) 
for all the points, we have, instead of the individual values which 
occur of to put_the mean value V, and thereby obtain again 
the expression /*(V— V), which is =0. 

7* ^rom the preceding it follows that, on the suppositiona 

made, we can put in equation (19) in the place oiBV, so that 
the equation beeomes 

tn — — 

SL=:|V-|-«ii;^diogf (21) 

The expression on the right may be simplified by introducing h 

tn — 

for the product q v*, which represents the mean ws ma of the 

point. Thence comes 

BL^Bh-k-Zmogi (22) 

By the help of this equation we can determine the mechanical 
work which is done in the change from one stationary motion to 
another, differing infinitely little from it, without perfectly 
knowing the motions, since to take into account the mean osa 
and the time of a revolution ia sufficient. 
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The expression containiDg the quantities h and i, which repre- 
sents the work 8L, is not a complete variation of a function of h 
and i ; on the other hand^ it' the equation be brought into the 
following foriUj 

aL«A(^+28Iogi) 

=A(aiogA-f2aiogt), 

the two variations in the brackets can be reduced to one^ vii. 

aL=Aa(logA+21ogt% 
or, otherwise writteoi 

SL«A8 log (/«•') (23) 

Hence the work can be represented by the product of /* and the 
\iii i:ition ot a i unction of h and i. 

This result corresponds perfectly with equation (2) relative to 
the theory of heat^ 

The quantity log (hi^) h replaced in this equation hy the pro- 
duct C7j, in which C is a constant, and Z the magnitude which 
in the theory of heat I have named tlic dis^rcgation. \\ c liavc 
liencr, so far as we wish to apply this conccpiion to the station- 
ary iiioliou of a single point, arrived at a nearyr deterniination 
of it — namely, that the disgrcgation is proportional to the quan- 
tity log (Ai*). 

8. In order to get an idea of the geometrical meaning of the 
quantity log {hi^), I will for k reintroduce the prodact ^ ~^ We 

then obtain 

log(««)»log(|^.i«) 

:=log(i?.t^-Hog^ 

=21og(i4/i;«)-Hlog^. 

The last term on the right-hand side is invariable, and hence is 
unimportant to ( (nirition (23), in which only the variation of the 
quantity considered occurs ; we need therefore only attend to the 
first term. 

Aysuining now as a special case that the velocity is constant 
(which occurs, for example, when a point moves in a circular 
path round a fixed centre of attraction, or when a point operated 
on by no other force flies forward and backward between fixed 
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elastic walls, from which it rebounds with equal velocity at eacli 
impact)i we can write simply t;^ for v^, and then extract the root, 
by which the expression * v^r* is changed into it;. This product 
is eqtiiil to the length of the point's path ; and consequently we 
can >av that, in motions with constant velocity, the disgregation 
(negiectuig an additive constant, which in the variation or dif- 
ferentiation is omitted) U proportional to the logarUhm of the 
length of i/iepaih. 

\Vhen the velocity is variable, the thing is not quite so simple, 
because the mean value of the square of the velocity is dilFerent 
from the square of its mean value ; but still it is seen that the 
disgregation stands in close relation to the logarithm of the 
length of the path. 

9* Before leaving the motion of a single point in order to paw 
to more extended inveBtigationaf it will be to the purpose to sub- 
mit to a farther special consideration the last of the three eauses 
above mentioned of the conversion of the motion, because we shall 
thereby have an opportunity of comparing the result of our de- 
velopment with a well-known and important mechanical theorem. 

We will, namely, assume the conversion to be occasioned by 
the point having been compelled, instead of the path chosen by 
itself, to describe another, lying infinitely near it. In this case, for 
each place in the changed path, eonipared with the corresponding 
plnce 111 I he original path, according to the theorem of the equi- 
valence of vis viva and mechanical work, the foUowiug equation 
holds good : — 

«U+|8(i;«)=a 

Accordingly, in equation (19), instead of SU, we can put — -^Bv^ 
and hence obtain the following equation : — 

— :s + mtj^fi log t, 

from which, by easy transformations, result 

m85»+w^ 4 =0, 

8(1?. 0 =0, 

8p»V/=0 {U) 

This equation is in form the same as that which, for a single 
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moveable point, expresses the theorem of the least effect. It is 
true that iti the siGrtiiticatioii tliere is a difference, inasmuch 
in Uedueiiig our cqoiition we have sup|)oscd that the origiual and 
the altered motioii take [>lace ia closed paths which iieed not co- 
incide in any point, while in the theory of the least efleet it is 
supposed that both iiiotiuiis bc^iu IVdui a common point and end 
at a common point ; yet this difference is immaterial to the proofs 
beomae equation (24) can be deduced equally on both supposi- 
tions, if in tbe one case we understand by % the time of a reve- 
lation, and in the other that time which the moving pomt 
lequirea in order to pass from the initial to the final position. 

Retimiing now to our more general result, expressed by ^Qi^ 
tion (2d), on comparing it with the theorem of the least effect, 
its applicability is seen to be more extended, inasmuch as it in- 
cludes alao the cases in which the vis viva is altered by a transient 
extraneooa induence, or into which a change in the ergal enters, 
whereas each eases are excluded from the theorem of the least 
effect*. 

10. Having treated the simple case of a single point moving 
iu a closed path, let us now pass to more complicated ones. 

We will assume that there are a very great number of material 
pomts which, on the one hand, exercise forces upon each other, 
and, on the other, are atiected by forces from without. Under 
the inffuence of all these forces the points shall move in a sta- 

* It may, in passing, be further remarked that where the foroea present 

consist of fcntrul forces proportional to a definite (positive or negative) 
pov«et- of tiie (iiHtance, the equations here developed are capable of being 
combined very simply with the equation which expresses the theorem 
of till- V trial. That is to say* in such cases the ▼irial oiifen from the mean 
v:iliu' of the eri'a! only by a constant fnctor ; for when a fOTCe demited ge- 
nerally by <^(r) is detemuDed by the equation 

in V !i:ch it and n are constants, we obtain by iot^ntioB« if wesuppotethe 
arbitrary constant equal to 0, 

and accordingly the equation 

u valid ; and hence theiviftl it equal to the mean value of the ergal mul* 

tipUed by the factor Cousequcutiy the theorem of the v inai cau for 

■iieh cnaes be exprettedthoa:— Tft«meaiimviraMe9iMi//o<Aemm«r9af 

mMpUed by ^t U ohvioua how all eqmitions which contain the 

mean vis viva and the mean ergal can he simplified by the application of 
this theorem. 
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tionary manner. We will presuppose that the forces have an 
ergal — that is, that the woik which is done by the whole of the 
forces io aa iufiuitely small change in the situation of the poitits 
is ex pressed hy the negative differential of « fimctifm of the whole 
of the eoordinates. When the origiDal atationaiy motion it 
converted into another stationary motion, the forces shaU stiii 
have an ergal, which, however, may differ from the preeedmg 
not merely by the altered situation of the points, hat also bj 
another eircumstanee. This circumstance may be conceived to 
be mathematically expressed by the ergal containing a quantity 
which is constant during each stationary motion, but uten its 
value from one stationary motion to the other. 

Further, we will make a supposition which will facilitate oar 
further considerations, and corresponds to what takes place in 
the motion which we name heat. Tf the body tlip lient-niotion 
of which is in qnestion is chemically simple, ail its atoms are 
equal to one another; but if it is a chemical compound, tberc 
arc indeed different kinds of atoms, but the number nf each kind 
is very great. Now all these atoms are not necessarily found in 
like circTimstances. When, for instance, the body consists of 
parts 111 different bUitt!^ uf aggregation, the atoms belonging to 
one part move differently from those belonging to the other. 
Yet we can still assume ttiat each kind of motion is carried out 
by a very great number of equal atoms essentially under eqosl 
forces and in like manner, so that only the synchronons phases 
of their motions are different. In correspondence with this we 
will now presume also that, in our system of material pomtSi 
difierent kinds of them msy occur, but of eadi kind a very great 
number are present, and also that the forces and motions arc 
such that at all times a great number of points, under the in- 
fluence of equal forces, move equally, and only have different 
phascR. 

Lastly, we will, for the snkc of simplicity, make one more 
assumption, which will afterwards be dropped again, namely that 
ail tlu" points describe closed paths. For such points as have 
been said above to move alike, we just now make a special as- 
suiiijition — that they describe equal ])aths with equal times of 
revolution, while other points may describe other paths with 
other times of revolution. AVhen the original is changed into 
another stationary motion, the paths and the times of revolution 
are altered, but again only closed paths with fixed times of revo- 
lution shaU occur, of which each holds good for a great number 
of points. 

11. On these conditions let us now again eonttder the pro- 

duct ^ Bof for any point, or (at once multiplying it by the mass 
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m of the poiDt) the prodaet m-^Bx, in wbieh &r, as before, sig- 

nities the dilTcrencc betweeu a value of r ia the original path 
and the value of a: at the corrcspoucliDLr place in the altered path. 

This product changes its value pLriodically durinii: the motion 
of the ]i« Hit , that at the expiration of every time of revohition 
t it returns t o ts former value. We can hence construct the 
following equation :— 



This eqaatkm can be further simplified when we eonsider not 
merely one material pointy but an entire group which move 
equally and hence have the same time of revolution t . The 

quaiitity m ^ Bx changes its value according to the phase in 

which the point is. As, however^ at a fixed time the points 
belonging to the group have diffieient phases, and the number of 
the points constituting the group is so great that at every time 
all the phases may be considered to be proportionately repre- 
sented^ the value of the sum 

referred to all these points, will not perceptibly vary. The same 
liulds i;ood for every other group of points of like kind and with 
equal motion ; and hence we can at once refer the preceding sum 
to all the points of our system and likewise regard as constant 
the sum so completed. We dins obtain the equation 

^S»§&r-0. (26) 

We will now carry out the differentiation herein indicated : 

l2».J&=2m^&:+2m^.^. . (26) 

Inthe eipmrion in which the qo«.tity * » fi»t w 

riated, and tin ii differentiated accordinp: to /, the order of these 
two opciuLioiib must not be reversed, i'robably, however, this 
may be done when the differentiation refers not to the time t, but 
to the phase 0. Hence we form the following equation^ 

it " dif^ \dt* 
or by replacing (in lecordanee with equation 5) the differential 
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codBcieDt ^ by the fraction j> the eqaation 

Here we may eidiuige the differentiation and the variation on 
the right-hand side, whereby we obtain 

d{hx)__ 1 ^dx 
dt ~" t d<fi 

After tliis exchange, we airaiii iutroducc on the right-hand side 
the dUferential coefficient according to /, putting 

dx dx di . dx 
d^^S'd^^^di' 

Thereby we obtain 

=8^ + ^ Slog,. 

By employing this equation, equation (26) is changed into 

d ^ dx ^ d^x ^ dx/^dj: dx^, \ 

-2™Sr8,+x|a('|)V..p'aiog.-. . ,27, 

As, in accordance with equation (25), the differential coefficieDt 
here standing on the left-hand side is equal to 0, we hence obtsin 

-S«g&r=2ffig)'+Smg)siog«. . (28) 

In like uiunocr for the two other coordinates we can form the 
following equations : — 

-2«g&-2^s(|-)'+2m(J)'aiog.. . (284) 

When w,e add top^cther these three equations, and at the same 

time consider Liie ctiuation 
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there leanlti : — 



-2 



m 



^ S =^ l^t*^ +S«««log.-. (29) 
In this eqiution we now replace the piodactB ^-^i 

m ^ by the forc€*compoiieiits whereby it is changed 

into 

-S(Xa«+Y;^+Z&rsS^a(v9)+Smi^logf. « (80) 

The left-hand aide of the equation^ thus tfantformed^ must be 
■ubjected to a doaer consideration. 

12. SincCf according to bypotheais^ the forces operating in the 
ayatem have an ergal, in aU caaea in which, on the transition 
from one stationary motion to tbe other, tbe ergal undergoea 
only the change conditioned by the altered position of tbe pomta, 
the left-band side of tbe preceding equation is simply the varia- 
tion of the erp:nl, and, as such, represents the work done in tbe 
transition from one motion to the other, which wc have denoted 
by hh. When, on the contrary, the ergal undergoes a further 
cbantre, containing: a quantity which, as above said, is constant 
in eaeii stationary motion, but the value of which elianges m the 
transition from one motion to the other, tlie special eircuuistancea 
under which this ha[)pens must also be tukiii into consideration. 

For a single moving material point, it follows from our pre- 
vious considerations that tbe work 3L depends on tbe phase in 
which the point ia at the moment when the alteration of the ttf^ 
occurs. On the other hand| we have also farther seen that with 
a great number of nointa which are in different phases, so that 
at the moment of tne alteration of the ergal all the phases are 
simultaneously representei(« that difference vanishes for the mean 
value relative to all the points, and that bence we may, aa far as 
the mean value is concerned, regard as tbe expression of the 
work bh that variation of the ergal which the mere ehaoffe of 
position of tfie points supposes. 

Such a case is our present one, where in ever)' kind of motion 
occurring we have to do with very many points in the most 
various phases ; hence we can replace the h it-hand side of the 
above equation simply by Bh, whereby we obtain 

2L=s|a(t;«)+:xmt c^iu^i. . . . (31) 

13. In the preceding derivation it was specially presupposed 
that all tilt points describe closed paths. We will now drop this 

Fhii. Mag, S. 4. Vol. 42. No. 279. Sept, 1871. N 
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sappoaitton and only letain the ammption that the netaoa m 
■tatioDary. 

Since with motions whieh need not be In dosed paths the no- 
tion of time of levolution is, in the literal senses no longer appU- 
eablc; the question aiisea whether another, oorresponding, can be 
put in its place. 

For this purpose let us first consider onlj those components of 
the motions which refer to one determined direction — ^for example, 
the components in the x direction of our system of coordinates. 
W^c havr then to do simply with motions alternately to the posi- 
tive aval t!ic iieirntire side ; ond if, in partieular, in relation to 
elonL::atini], veloeitv, and duration manifold varieties oci ur, there 
yet is in tlic notion of a stationary mot ion tlie pr( \ :il( nrp of a 
certain uniformity, on the whole, in the wov tiiat the s nue states 
of motion are repeated. Accordinirlv it must be posMi)le to ex- 
hibit a luean value for the intervals of time within \v]]irh the 
repetitions take plaee with each group of points that ai c alike iii 
their motions. If we denote this mean duration of a period of 
motion by t, we can unhesitatingly assume as valid also for the 
motion now considered equation (28), namely 

Corresponding equations can be formed also for tlic y and z 
dirrctious; and in fact we will assume tliat the motions in the 
various direetions of the coordinates so far agree that, in each 
pritup of points, we may ascribe a common value to the quantity 
d U>- ? for all three coordinate-directions. By then treating the 
three equations so formed as wc have equations (28), (28 a), aud 
(286) we arrive again at equation (31) 

14. In the further treatment o{ this equation a difficulty 
oecnrsj because in the difierent groups of points both the rebdty 
V and the duration of a motion-period t may vary, and hence 
thcM two quantities occurring under the last sign of summation 
eannot at once be separated. Nevertheless if we take advantage 
of a near-lying supposition, the separation becomes possible, and 
we thereby arrive at a very simple form of the equation. 

As the various material points belonging to our system leci- 
procally operate upon each other, the vis viva of one group of 
points cannot be altered while the vis viva of the others remains 
unaltered ; but the alteration of the one supposes the alteration 
of tlir* oflu r<=, l)c'cau8e a certain equilibrium betwee?i \hs rircs inm 
(if the various points must he restored before the new state can 

rcoiain stationary. We will now suppose that, in the motioa 
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which we call heat, equilibrium is always effected in this way :— 

between the vires viva> of the various points a fixed ratio subsists, 
which is renewed with every alteration thnt occurs in the total 
vis vtm. The mean vis viva of each point may then he repre- 
sented by a product of the form mcT, in which m is the mass of 
the point, and c another constant, detoruiinate for each point, 
while T denote a variable quauuiy vvhicli is equal for all the 

pmtita. By the iuertion of this prodoot in the plaoe of ^^i^^ 

the preceding equation becomes 

8LsSfitc£T+:&2»icTaiogt. .... (82) 

Herein the quantity T, as a common factor, can be omitted from 
the iccoiid bUiii. \Vc could aUo uuiiL the vai ialiuii 6T from the 
first sum ; but it may be left under the sign of summation. 
Hence comes 

£LsSmcCT+TS2mc£log« 
=t(2»m?^ +22wcaiogi) 

8T(2incaiogTH-S2««51ogi); ... (33) 

or, combining the two sums into one and patting the sign of va- 
riation before the sign of sumuiatiou, 

SLsmSmc (log T 4 2 log t% 

for which, finally, we may write 

hh^l^h^ log (Tt^) (34) 

15. This last equation^ if by T we understand the absolute 
temperature, agrees perfectly wiui equation (1) adduced for heaty 

T 
A 

in order to explain it on mechanical principles. Hie di^(jirf;a^ 
Hon of the boay, is according to this represented by the ex- 
pression 

ASiRclog(Ti<). 

It is easy to show also its agreement with another equation of 
the theory of heat. 

Let us imagine vis viva communicated to our system of mate- 
rial points by a transitory external influence, and the system then 
left to itself; this m wva may partly serve to increase the vis 
twa present in the system^ and partly be expended in mechanical 
work. Hence^ if ^ denotes the via tka communieatedi and h 
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that present in the system, we can write :— 

Replacing herein SL by its yaltie from (88), we obtain 

^V=S2w^ oT 4 TS'JmcS lo£r f 
= T(^2//ica log T + X2mc ^ log i) 
»TX2mcaiog(Ti), 

or, otberwiM written, 

89sT5S2ffielog(Ti) (85) 

This equation corresponds to equation (59) in my memoir 
^* On some oonvenient Forms of the fundamental Equations of 
the Mechanical Theory of Heat''*. If, namely, we multiply 
both aides of the preceding e quation by A (the caloric equivalent 
of the work) , and then, for (which represents in heat-measure 
the communiGated vis woa) put and introduce the quantity 
8 with the signification 

&s=A2dmclog(Tt), (36) 

the preceding equation is changed into 

SQ=TSS (87) 

The quantity S Lcre isi liial wliicli I bave uamcd the eniro^y of 
the body. 

In the last equation the sign of variation may be replaced by 
the sign of differentiation, since, of the two processes previously 
considered together (the variation during a stationary motion, 
and the transition from one stationary motion to another), to dis- 
tinguish which two signs were necessary, the former does not 
hero come into consideration. Dividing, moreover, the equation 
by T, it reads:— 

Supposing this equation integrated for a circular process, and 
considering at the ssme time that 8 has the same value at the 
end of the circular process as at the beginnings we obtain 



(88) 



Tliitj is tlic equation whieh I first published t, in 1851, aa au 
expression of the second axiom of the mcchaniial theory of heat 

* Pogg. Ann, vol. cxxv. p. 3^; AbhancUungcn uber die mechiuUscM 
IVtirmetheorie, vol. ii. p. 1, 

t Pogg. Ann. vol. zsiii. p. 3^; AblUmdL vber dk meek* WSnme- 
tkeorie, voL i* p. 127* 
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for convertible circolar processes. At that time I derived it from 
the maxim thai heat cannot of itself pat9 from a colder to a hotter 
. body* I afterwards* derived the same equation in a very differ- 
ent way, namely from the law cited above, that the work which 
can be done by heat in an alteration of the arrangement of a body 
is proportional to the absolute temperature, in conjunction with 
tlic assumption that the heat actualhj present in a body is dependent 
on its temperature only, and not on the arranyement of its consti' 
tuenfs. Therewith I conj^itlered the circumstance that in this 
way we ould arrive at the already otherwise proved equation a 
muiii &u]>port of that law. Aow the preceding analysis shows 
how that law, and with it the second axiom of the mechanical 
theory of heat, can be leJuc*. J to geneial mcchauicai principles. 



XXI. Description of a Model of a Conoidal Cubic Surface caUed 
the "Cylindroid/' which is presented in the Theory of the GeamC' 
trical freedom of a Rigid Body, By Robert Stawsll Ball^ 
A,M.f Professor of Applied Mathemaiuts and Mechanism, Royal 
Ckdkge of Science for Ireiand-f, 

WE become acquainted with the geometrical freedom which 
a rigid body enjoys by ascertaining the character of all 
the displacements which the nature of the restraints will permit 
the body to accept. If a displacement be infinitely small, it is 
prodnced by screwing the body along a certain screw. If a di9« 
placement nave finite magmtudc, it is produced by an infinite 
■erics of infinitely small screw displacements. For the analysis 
of geometrical freedom we shall only consider infinitely small 
screw displacements. This includes the initial stages of all dis- 
placements. 

Tu analyze the geometrical restraints of a rigid body w e pro- 
ceed as follows. Take any line in space. Conceive this line to 
be the axis about which screws are successively funned of every 
pitch from — co to +ao . (The pitch of a screw is the distance 
its nut advances when turned through the angular unit.) We 
tiiclcavour successively to displace the body about each of these 
screws^ and record the particular screw or screws, if any, about 
which the restraints have permitted the body to receive a dis- 
placement* The same process is to be repeated for every other 
line in space. If it be found that the restraints have not per- 
mitted the body to receive any one of these displacements^ then 
the body is rigidly fixed in space. 

* Poeg. Ann. vol. cxvi. p. 7^; Abhandiunyen iiber die mechanischen 
Warmetkeorie, rol. i. p. 342. 

t Abstract of a pnper read before Section A of the British Association 
at its Meeting mt £diiibucgh, August 1871* Commmiicited by the Author. 
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ff, after all tlu' screws have been tniHl, the Ixxly be found ca- 
p iblr of displacement about one screw only, the iRxly possesses 
the lowest degree of freedom. If one scrrw (X) be di'-c m i i t d, . 
and, the triaU beinir eontiaued, a second screw (B) be fimn l, the 
remaining trials may be abridged by considering the inXoruiatioQ 
whicli the discovery of two screws atlbrda. 

The body may receive any diaplacement about one or both 
of the two screws A and B. The composition of these displaee* 
ments gives a KsnltSDt whieh could hsve beeo prodoeed by d»- 
pUeement sboat t single screv. The locus of this single scivir 
IS the oonoidid cnbic surface which has been called the " cylin- 
draid'' (at the suggestion of Professor Cayley). The equation ol 
thA mrfiiee ia 

Any line (.s) upon the surface is considered to be a screw, 
of wliich the pitch is 

c+ff cos2^, 

where c is any coastantj and d is the angle between s and the Ime 

The fundamental property of the cylnulroid is thus stated. If 
any three screws of the snrface be taken, and if a body be dis- 
placed by bcmg screwed along each of these screws through a 
small angle proportional to the sine of the angle between the 
remaining screws, the body after the last displacement will oc- 
cupy the same position that it did before the first. 

The equation of the cylindroid is thus deduced. Take as 
axes of X and y two screws intersecting at right angles whose 
pitches are c+tf and a; a body is rotated abottt eadi of these 
screws through angles s» cos » sm ^ respectively. The eori^ 
imonding traiislationa are (cH-a)(»cos^, and (0«~a) ststn ^. 
The resultant of the tnnsbtions may be resolved into two eon- 
ponents, of which (c+a cos 2^) #» is parallel to the resultsnt of 
the rotations, and 4Uo sin 2^ is perpendicular to the same line. 
The latter component has merely the effect of transferring in a 
normal plane the resultant of the rotations to a distancea 8in2^, 
the resultant moving parallel to itseli. The two original screw- 
movcnicnts are therefore compounded into a single screw whose 
pitch is c + a cos 2^. The position of the screw is deiined by the 
equations 

{y=;r tan 0, 

ISlinunating 0, we have the equation of the surface. 
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The property of the surface is thus proved. Let 6^, B^ht 
the angles of three screws upon thf surface, and cu„ be 
the disphicernrnts about them. Esicli of thrsc disphiceiuents 
may be resolved into scrc\v-di*p!riceinciits about the screws of 
and V. The couditions ncco^sn y and sufficieat for the diisplaoe* 
mciits to neutrahze each other are 

Mi sin ^1 sin 0, sin ^^sO, 

(»1 008 ^1 -f Ct>j cos + »g co« 1^8=0. 

Thus each rotation is proportional to the sine of the aogls 

between the oth^r two screw*!. 

For the coinplftc determination of the cyhndroid and the 
pitch of all Its screws, we must have the quantities a and c. 
Thcsjse quantities, as well as the position of the cyhndroid in 
space, are completely determined when two screws of the system 
are known. 

In the model of the cylindroid which is exhibited, the para- 
meter a is 2*6 inches. The wires which correspond in the model 
with the generating lines of the surface represent the axes of the 
screws. The distrihution of pitch npon the generating lines is 
shown by colouring a length of 2*6 X cos 2^ inches upon each 
wire. The diatinction between poaitive and negative pitchea is 
indicated by colouring the former red and the latter black. 
This model is in the possession of the London Mathematical 
Society, 22 Albemarle Street. 

It is remarkable that the addition of any constant (c) to all 
the pitches attribated in the model to the screws does not affect 
the fundamental property of the cylindroid. 

When a rigid body is found capable of being displaced nliout 
a pair of screws, it is necessarily ea})able of l^eing displaced about 
every screw on the eyliudroid deterniined by that pair. 

The theorem of the cylindroid includes a^ Tinrticular cases Llie 
well-known rules for the euuiposition of two displaccnients pa- 
rallel to given lines, or of two small rotatioti- nl)out interseeting 
axes. If the p^uameter a be zero, the eyhiidiuid reduct s to a 
plane, and the [>itches of all the screws become equal. If the 
arbitrary constant (c) which expresses the pitch be infinite^ we 
have the theorem for displacements ; and if the pitch be zero we 
have the theorem for rotations. As far as the composition of 
two di^laeements is concerned, the phme can only be regarded 
as a degraded form of the cylindroid^ from which the most essen- 
tial feature has disappeared. 

Royal ColleM of 8ciflBoa» 
July 1871. 
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XXII. On the steady Flofn of a Liquid. By Henry IM oseley, 
AI,A., D.C.L.f Canon of Bristol^ F.R,S», Correa^x/ndiny Mem- 
her of tJie Imtitute of France, 

TU£ hydraulic experimentB of M. Darcy, contiaued after bis 
death by M. Bazin^ were made with remarkable industry 
and scientific skill, and on a large scale. In tlic first sericsf 
circular pipes were used, and tlicy were placed lionzi )!itally. In 
the second J the channels were rectangular, open and close<l, and 
tliey were sloped. The experiments ot' the tirst series, which are 
those referred to in the ft)llo\viiig paper, were made with pipes 
of different materials, in different states of roughness or smooth- 
ness of internal surface, and of diflferent diameters, from ^ inch 
to 20 inches. Their lengths were gencialiy 120 yards, but 
some of them 60 yards ; and the water was made to traverse 
them witli velocities varying from 1 inch per second to 20 feet 
All the necessary preeautions were taken to determine the 
mean diameters of these pipes, and to measure the water dis- 
charged from them. To feed them, it was received from the re- 
servoirs at Chaillot into a cylindrical vessel 28 metres high, in 
which it conld be made to stand at any required height by 
opening more or less a cock in the supply-pipe. It passed from 
the bottom of this reservoir by means of a horizontal pipe 300 
metres long, into a great horisontal cylinder, 1 metre in dia* 
meter and 8 J metres long, to one end of which horizontal 
cylinder were adjnsted the pipes to be exi)eriTncnted upon. This 
cylinder wn'? ero^sf d intf rnHllv by an iron diaphra^rm pierced 
with smali holes, througli \\ lilrh the water was made to pass that 
its vis viva might (as far as possible) be destroyed before it en- 
tered the pipes experimented upon. Pressure-gauges were fixed 
at four different points of each ])ipe — the tirst being placed near 
the end by which the water escaped from the pipe into the reser- 
voir of efflux, the second at 50 metres from it, the third at 100 
metres from the first, the fourth near the point of entrance of 
the water from the horiiontal cylinder into the \npe at 4'7 me- 
tres from the thirds and the fifth in the horisontal pipe. They 
were water-gauges. 

The first and third gauges being 100 metres apart, the differ- 
ence of the heights of the water in these gauges showed, when 
the flow of the water hsd become steady, the head of water ne» 
cessary to overcome the resistances opposed to the flow of tliat 
portion of the water in the pipe which intervened between these 

• Communicalcil by the Author, 

t Rechcrchfis Exp&imentaUs rMwn ON MOllNiMiil d» i*eam dmu le» 

Tuyanx. Paris r Bachelitr, 1857. 

I Recherches Hjudrauliques, par M. Daroy, CoQtiuuecs par M. Buxiu. 
Paris: Donot, 18(16. 
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two gauges. This head of water is that designated in the fol- 
lowing paper by tbe symbol h. 

Besides determiuing the efflux under difftTent conditions^ M. 
Darcy determined also the velocities of the water at different 
di-^tnnces from the axis of certain of the pipes on which he experi- 
nicnted ; and with reference to the theory of the flow ot liquids, 
this was the mo**t iTitcrcstini; feature ot Ins experiments. He 
effected it by URans of the instrument well known as Pitot's tube, 
into the constructiou and use of which he introduced some ad- 
mirable improvements, for the particulars of \\]iivh the reader is 
referred to his work. The results he arrived at are stated at 
length in Table I. of ihc following paper. 

A film in a liquid flowing through a pipe, in the sense in 
whidi the word is used in the following pa^ er, is a cootinnous 
portion of the liquid, every molecule in which flows with the 
same velocity. A filament is an exceedingly narrow film. To 
the surface of the pipe a film of the liquid is supposed to adhere 
and to remain at rest. The film adjacent to it moves over this 
fixed film^ the third over the second, the fourth over the third, 
kc, with continually increasing velocities ; the film nearer to 
tbe surface moving always slower than that more remote* This 
is proved by tbe experiments of MM. Darcy and Bazin. 

The resistance opposed by the surface of the pipe to the flow 
of the liquid immediately in contact with it is represented by the 
formula 

P=^, + \^VS (1) 

where P is the resistance per unit of surface, T the velocity of 
the flow, X| a constant, and /i| a term as to which there is a dif* 
ferenoe of opinion whether it is constant or increases with the 
vdoeity* 

This formula is founded on experiment^. The first term in it 
is considered to represent that part of the resistance which is 
due to the adherence of tbe liquid to the surface of tbe pipe, and 
which is of the nature of that which in solid bodies is opposed 
to shearing. 

The second term is understood to represent the resistance 
catised bv the impacts of the molecules of the liowing liquid on 

those of the film of liquid tixed to the surface of the pipe, and 
on the eniinrnrps of the soUd surface of the pipe which project 
through that tiim. 

Let the steady flow of a hquid in a horizontal circular pipe of 
uniform dimensions and roughness of surface be suj)})oscd to be 
maintained by the pressure of the liquid lu a reservoir whose 
surface is always on the same level; let 

* See PoQoelet, iii<rodi(c<toii d la Miconiqw InduttrieUe, art. 
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U=s work, done per unit of time on the liquid which enters 
the pipe by the pressure of that in the reservoir, 

U|=: work carried away per unit of time by the liquid wbteh 
flows from the e.xtrenuty of the pipe, 

U^as work expended on the various resistances which are op- 
posed to the descent of tiie liquid in the leserrotr and to 
its passage from the reaervov through its aperture into 
the pipe, * 

ITg=: work e]q>ended on the reristence of the intenud mrfaoe 

of the pipe to the flow of the Hqoid along it, 
U4 V internal worir of the resistance of the filma to thefloiring 

of each film over the surface of the next in snecesaioo; 
then, hy the principle of virtoal velocities, 

U=Ui+lj+Ua+U4. (2) 

Let tst velocity of any iilm, 

v^sr velocity of the filament which coincides with the axis 

of the pipe, 

Y= velocity of the him which is in contact with the anr- 

face of the pipe, 
B= internal radius of pipe, 
r= radius of the film whose velocity is 

resistance per unit of surface to the sliding of the film 

whose radius is r over that whose radius is r-^dr, 
h= height of the liquid in the reservoir ahove the centre 

of the aperture, 

length of the pipe, 
wss weight of euhic unit of liquid. 

Let the umt of length m all the above measurements be the 
French metre, and the unit of weight the French kilogramme. 

The weight of the liquid which flows out of the pipe per unit 
of time is represented by 

I wv(2mrdr). 

This weight of liquid is therefore that which descends through 
the height /* in the reservoir per unit of time ; 

.•. \J ssk^ wv{27rrdr) = 27rwh^ vrdr, ... (3) 

Also the work which the litjuid flowing out of the pipe 
cai i'ies away with it |>er umL of time, is represented by half its 
vis viva. 

But the weight of liquid which flows per unit of time between 
two films wfaoie radii are r and r-f ^ is w(2wnfi*)9. Half the 
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m mm of this liquid is therefore "^^^^^^ - ; 

' Jo ^ff ffJo 
The work U3 expended per uiut of time on the resistance of 
the internal surface of the pipe to the How of the liquid is equal 
to the eatire resistance of the surface multiplied by the velocity V 
of the Uqnid in contact with it^ since V ia the dtstanee through 
which that resistance is OTercome per unit of time. Bat the 
of the pipe per unit of surface it 



>i. + XjV* (see equation 1), 
and the snrfaoe is 2irR/ ; 

U3=3irR/(/*,+X,V«)V (5) 

To determine U^, which represents the aggregate internal 
work of the mutual resistances of the snccessire films of liquid, 
let it be observed that, as v represents the velocity of the film 

whose radius is r, ^~~(~^^^^ represents that of the film whose 

radiiis wr-tdr, the negative sign being taken because as r in- 
ereases v diminishes. The distance by which one film slips over 

the next in the umt oi time is therefore represented by — (^^)^* 
Bnt the resistance opposed to this slipping is 27rrlp, 

To determine the unit of resistance p which is opposed by the 
film whose radius is r+<£r to the motion over it of that whose 

radius is r, let the velocity (^}^ former film be snp- 

poBcd to be communicated in an opposite direction to both. 
The resistance of the one film opposed to the motion over it of 
the other will not thus be changed, but the former will be 
brought to reatj and the other will move over it with the velocity 

— j-dr. The case will thus become the same with that of tho 

dr 

film which moves in contact with that fixed to tlie internal sur- 
faro of the pip<', except that the constants yu,j and \| will have 
diiiereut values. Let thc^e values be/i and Ar, then 

in which the seoond term may be neglected as of infinitely small 
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dimensions compared with the first, 

.■.U,=-8ir/J^r(J)*; (») 

.*. by equation (2), 

27rit;Af vrdr 
Jo 

* T j?^^ ^* ^ C ^ ) ' 

or considering: separately the case of a portion of Uie liquid 
bounded by a film \\ho^u rudius is r, 

Jo ^ J9 Jo V^'"'' 

in which equation the work of the bounding film of the portion 
of the liquid which is considered separately from the rest, is in- 
cluded in the last integral. Differentiating the above equation, 
conaidering Ug constant, aud reducing, 

^^^-'^-^^(i) 

If there were no resistance to the flow of the films over one an- 
other, or to the flow of the liquid over the internal surface of the 
pipe, the whole of the work done by the weight of the liquid in the 

reservoir on that in the pipe per unit of time would be accumulated 
in the lj({ui(l disehargcd per unit of time. Let i; be the velocity 
the liquid would under theae circumataucea acquire. Then n-K^i; 

representi the diseharge ])er unit of time^ and — 1^ repre> 

sents the work accumulated in it. Also IulitW^v represents the 
work done upon it per unit of time by the pressure of the liqiud 
in the reservoir, urn^^v ^ . ^. 



^9 

,% v*^2gh (8) 

The tame result is arrived at, as it ought to he, by making 
/issO in equation (7), and substitnting v for v. By equation (7), 



But 



. f^W^ ^ — !?* 
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Let ^ sst. Then integrating between the limits 0 and r, and 
aisaniiDg /i* no/ to be a function of r, 

■■•'^[(iXS)']-?' 



(F 

»+[(^-']-- 

In eertain of Ibe experiments of M. Darcy^ tbe velocities of 
iUma of water were determined at three different distances (r) 
from the axes of pipes of diameters varying from 0*188 to 
0-500 metre, under heads of water (h) varying from 0*202 to 
13'427 metres, the values of v corresponding to which varied 
from I'lB to 16*56 metres. Throaghout this range of experi- 
ments the values of were for the same values of r approxi- 
mately the same. 

This will be seen by inspecting the following Table 1., in the 

two central columns of which are given the values of the ratio 
^ in respect of the first, second, and fourth filmSy as deter- 
mined by the experiments of ^I. Darcy in pipes of different dia- 
meters, and of different degrees of roughness internally, and 

under different heads of water. These values of (^^-^ are calcu- 
lated in respect of all the experiments of M. Darcy in which he 
has determined the values of v and Vq; and in all, the value of 
that fraction is approximately the same for the same value of r. 
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I'rom this it follows that^ howe?er different the actual velocities 
of the films may he hy reason of differences in the heads of water 
and in the diameters and internal roughnesses of the pipes^ their 
relative velocities at equal distances from the axis are (in the 

same liquid) approximately the same. Since moreover is 

approximately independent of these differences in the heads of 
water and the diameters and roughnesses of the pipes, it follows 

— — 1^ and — are also independent of 

them^ and that they must have approximately the same values 
for the same values of r in respect of all the heads of water^ and 
all the kinds and diameters of pipes included in the range of M. 
Darcy's experiments. 
This will be found to be the ease. Table II. contains the 

. ^ I calculated with respect to the characteristic 

W*— IT/ 

experiments of each group ; and its value will be seen to be in 
every case^ approximately, unity, and, that being admitted. 
Table I. ahows that the values of v calculated from equation (9) 

agree with experiment when — is taken equal to the constant 

2'25; whilst Table III. shows the ^tidpalao to correspond with 
experiment when calculated on that supposition. 

Table II. 



Index 
uuuubcr 


Diainctor 
of piyc. 


V. 










1S9. 


0-188 




0-885 


0-845 


0-760 




in. 




HI { 




2 IIH 


1 s.in 


I 771 


101. 


Uii47 


UBl 


bill 




4-4»7 


4 41V 






M8 


0*485 


0-410 


0-355 


0*356 


187. 




60S 


2 708 


2r»iio 


3-355 




11)2. 


0 50 


\m 


o:»7i 


O-J.'i'i 




0 47r» 


1^7. 




22U 


laiu 


1 24U 







Vslaei 



COtrespondiog^C \» 



•M6UI -98375 -ii835 
•91M4 9855 -9835 

-mHixW 98212^ 
^134i#47:il 97474 

•<MJ164 -iJ76fi2! 97662,, 
•97767 -94734 ^I^mI 



Since in M. Darcy's experimenta it thus appears that, approxi* 
mately^ 

fef 

it follows from equation (9) that^ approximately. 



wtr 



(12) 
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This forraala may be proved iDdcpcndently at follows : — ^vrl 
being the surface of a film whose radius is and ik the i-esistanoe 
per nntt of surface to its being made to move over the film rhose 
radius iBr-i-dr, 27rrlfj, represents the whole resistance to its bfinj^ 
so moved. Aud since the distance it is moved over it in the unit 

of time IS represented by whole work, per unit of 

time, of that resistance is represented by 

Also^ since h is the head of water and the vertical section of 
the film which receives the constant pressure of this head of 
water is represented by {27rrdr)^ the pressure constantly acting 
to give motion to the film is {2^dr)wh* But in the unit or 
time this pressure acts through the distance v, because the film 
moves through that distance. Therefore the work per unit of 
time of the pressure which gives motion to the film is repre- 
sented by 

27nvhvrdr, 

Therefdre,' since th€ motion is uniform, by the principle of virtual 
Telocities, 

'~2''Jrl/ir^^dr=27rwhvrdr ; 

• = — — = — — • 

, / w \ wir 
.•.log f— a $ 

In this investigation the accumulation of work in tlic liquid 
which cscnprs per unit of time is neglcctr-d. If is so far ge- 
nerally inronert ; and therein lies the dificrcueo between tlie 
values ot'r as determined by equations (10) and (12). It would 
be absolutely true if, by the pressure of an additional head of 
wntcr, that in the horizontal pipe had bei n made to enter it 
with the velocity with which it cvciiLuully leaves it, the pressure 
of the head h only acting to overcome the resistances to its 
motion through the horizontal pipe^ and so to preserve in it the 
work with which it entered it and with which it leaves it. Now 
thb was nearly the case in the experiments of M. Barcy, so 
that equation (12)^ not absolutely true in the general case, is 
•approximately true in the special case of his experiments. By 

PAtV. S. 4. Vol. 42. No. 279. 8(^i. 1871 . 0 
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the expedients he adopted, the water was made to arrive at the 
third pres»ure-f;au2:e with its velocity already ncrpiircd, which 
velocity was maintained in it against the resistanec of the hori- 
zontal pipe u]) to the first gaiitre by a pressure which is repre- 
sented by tiie difference h of the heights of the water in the 
third and first gauges. The additional head of water which 
commanicated to it wis velocity before it reached the third gauge 
was represented by the difference between the heighta of water 
in that gauge and in the fifth gauge. 

Since waa approximately independent of the kinds and di- 

inenaions of the pipes used in M* Barcy'a experimenta and of 
the heads of water, and dependent only on the valne of r, 

it follows that in those experimeuts — was constant. If ibis be 

the eaaCi then determining ita valne as given by any ezperinient 
and representing it by 7^, the rdation of the velocity v of any 
film whose radius is r to that Vq of the central filament will be 
represented in all the experiments approximately by the equation 

r=ro€-y. (13) 

This supposes the values of rand Vq to have hcpu determined 
in that expeiiiiu ut with perfect accuracy. That cannot, how- 
ever, have been the case in any exjieriuieiit. Admirable as are 
the ex])eriment8 of M. Darcy, and iar surpassing any others in 
aceuraey that have ever been attempted, the means used (the 
only ones perhaps possible) ai*e in their iiaLure defective. lie 
has applied corrections to his results ; but the authority of these 
is perhaps sometimes doubtful^ and it is rather the general 
laws observable in the experiments than the precise results on 
which reliance ia to be placed. On thia point I will quote his 
own words : — Les quelques differences qui existent ne penvent 
£tre attribute qvi'k la difKcultd d'obtenir plus de pr^ision dans 
les experiences. La moindre erreur, en effete dan s 1 'i n dication des 
instruments qui donncnt les vitcsses entiercs doit infiner d'une 
manierc tres-sensible sur les differences des vitcsses si I'errenr 
nc portc pas h la fois sur les dt u\ vitesscs/' (i*. 152.) 

In the experiments of Darey tiie lengths of the pipes 
between tlie lirst and third gauges were 100 metres. It is only 
to this portion of each pipe that the velocities recorded in 
Table L refer* 

, IF* tth aw* 
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To dctcnninr approximately the value of 7, I have taken the 
group oi experiments 1(;0, 1 have 110 reason to beheve that these 
were mndc with greater accuracy than any others. The value 
of y whic h I have ubtaiued froisi them is indeed certainly too 
great. I have obtained it as loiiows ; — 

By those experiments 

r8a*0643, 9o-^303, n^sMI^S; 

/. by equation (13) 

l-128«l-808e-«^«y; 

1 313^ 



, n 3 13\ 

1303 ^ ^'^-(rniW 

Bat 



•o«i3y-, ii^^, and 7= 

1128' " ' -0643 



» ■ =2-2485=2-26 nearly ; 



«=€-•*^^ (14) 

The vahics of r,, Vg, as calculated by this lormula for 
cighty.eight experiments, are given in Table I., and also the cor- 
responding valaea as given by experiment* Tiie accordanee ia 
approzifnative only, bat it ia undeniable. It is least apparent 
in the last group of ezperimentSj where the diameter of the pipe 
was the largest a metre), and where the head of water was small 
and the velocity low. In thoee experiments the errors of obseiv 
vation were likely to be the greatest. In all, the difierenoe be«> 
tween theory and experiment is greater at distances near the axis 
of the pipe than further off. I do not know whetlier the chance 
of errors of experiment is greater there than elsewhere. Expe- 
riments on the efflux from a pipe are in their nature more reli- 
able than any on the velocities of the liquid at dilferent distances 
from its axis can be. 

To determine approximately the efflux iu terms of the velocity 
Vq of the central filament, let Qr represent the volume of liquid 
which flows ])( 1 unit of time from a pipe whose radius ia 11 and 
length / under the head of water /*, 

Qf^=\ {2vrdr)vss2w\ wdr; 
Jo Jo 
OTi by equation (12), 

Qjt^ZirvA e'l^rdr (15) 

* 02 
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But 

J'.-?*— (A),-?,-(^)Vif+Ci 

•••««.-«-(5)"['-('+T>-'^'-- 

If we afisunic approximately as before^ 

III the following TaVIe IK. various experiments of M. Darcy 
on tlie \'o1illhe8 of water which flow in given times through pipes 
of different materials and states of their intciT.al surfaces and dif- 
ferent diameters, and under different heads of water^ are com-' 
pared with the above formula. 

Tabls III. 



New cast*iron pipe^ interior clean. Diameter 0*188 iiHto* 



Inilex , 
number. 


1 

Yclocily of the 
water ei Oie axb 
of the i»ipe* 


Dikcliargc per 
scroiul in cubic 

tiietits hy ex* 

perimeiit 
(Dorcy, p. 59). 


Discbarge per second in cubic uetiM 
by theory, 


15!l. 
UK). 
Itil. 
h,2. 
1C3. 
1G4. 


0883 

1- 803 
1 747 

2- 2^0 
2U22 
8-08i 


0 02HJ04 
004132 

0-1 tm 


0<»2i;i32 
0 03l.'i!)| 
0 042088 
0()o4i)28 
0 070385 


Old cast*iron pipe, interior covered with deposit. Diameter 

0*2432 metre. 


U',7. 

m. 

in. 
1/3. 


0 o/ii 

o>7»; 

2 27:i 
4iV3 


Oi)7\i^-2 
0 OhalU 
0 J 7808 


0022377 
0034029 
0 073147 
0 0SH257 
0 17842 
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The velocity v of any film as represented by equation (12), 
and the efflux Q,i as represented by equation (17), are given in 
terms of tlie velocity of tlir n-ntral filament,' and can onlybe 
deterjnined by these forrniil;- \vh( !i that velocity is known. The 
experiments of M. Darcy having made it known in certain rai^ps, 
they serve to verify the theory as it regards the i*elation of the 
efflux per unit of time to the velocity of the central filament. 
If that velocity could be represented in terms of the head of 
water and the diameter and length and degree of roughness of 
the pipe, then the fomttla by which this was represented bemg 
anbatitnted for in equation (12) would eomplete the inves- 
tigation. I propose to make it the subject of a future com- 
aunication* 



XXIII. On a supposed new Inteffraiion ofDiffereniud BmuiUfm 
of the Second Order. By Professor Caylbt^ 

1 CANNOT assent to the views taken by Professor Challis in 
his paper in the July Number, ''On the Application of a 
new Integration of Diflfereutial Equations of the Second Order 
to some unsolved Problems in the Calculus of Variations." 

In an^ problem of the calculus of variations^ where there are 
two variables x, y, the condition for a maximum or minimum is 
obtained in the form 

and if the problem involves no relation between ^ and fy. Pro* 
fcssor Challts says that ''we have with equal reason A^O and 
Ap=0;" and he goes on to argue that ''it cannot be antece* 
dently affirmed that these arc identical equations and further, 
that " it is necessary to take account of results dcducible from 
them either separately or conjointly." 

I object to this statement ; it seems to mc that in order that 
AfSy— may vanish, the only condition is A = 0; we arc 
not concerned with the equation A/?=0, as such, at all. But in 
certain cases it happens that p is a multiplier of the differential 
equation A = 0; viz. by writing this equation under tlie form 
Ap = i) have an equation integrable per se, and which by its 
integration gives the integral of the ditlcri nti.d equation A = 0. 

Professor Challis, taking the view that the two equations are 
distinct from each other, considers (I'roblem 11.) the following 
question : — " Required the minimum surface generated by the 
revolution of a line joining two given points in a plane passing 

• Commaniditeil by the Mthor. 
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through the v^xia ui' revolution/' Here 

The cquatioD A/y=0 U integrable per gc, and its mte^pd is 
-^j^^^^ =c,or say i/=c^^i -{-jr, being, as is known, the dif- 
ferential fiqiiatioii of a oaienary having its directrix ooinetdent 
with the asufl of revoltttion; in fact the integral is 

But there arc difficaltics as regards the application of this in* 
tegral to the problem in hand; and Profc^^Mr Cliallis is led to 
Obnsid'T t^Kit the solution of the problem " can be etft ctid only 
by taknii^ into account an indvpendvnt intepration of A^n-/' 
and this he proceeds to ol)t:iin by a Tnetliod which "consists 
essentially in first Hndinir. wIumi it is possible, the ero/u/eofthc 
curve or curves of which A=0 is the diHVn iitial equation, and 
then employing the involutes thence dtiivabie, which may be 
regarded as the solution of the equation, to satisfy, either by 
comptttattoii or by graphical coostraction, the given conditiona 
of the problem.'' This is perfectly allowable ; bnt alter the evo* 
lute ia obtained, we must take not any involute, but the proper 
involute of such evolute ; we thus have a solution of the differen- 
tial equation A=0, the same as is obtained by what P^feasor 
Chailis considers to be the integration of the other equation 
Ap=0. This seems to me obvious a priori; but I will verify it 
in regard to the problem in hand. Taking, with Professor 
Challi.% .r^, y' as the coordinates of that point of the evolute which 
is the centre of curvature at the point of the itivolnte wltose co- 
ordinates are y, and writing also c = 2/( (the ( (ii;;itioii m ques* 
tion is obtained in his paper), the several equations obtaincni by 
him arc in effect as follows ; — 




(the third of these is his equation («), taking therein the lower 
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aigsB aod cometmg an accidental or typogcaphicai erroTj vii. 

is printed instead of But, from the foregoiu^'^tt^uatioub^ 
proeeeding to eliminate «'| we ha?e 

aud thcuce 
that ia, 

whence 

— .'/^ 

or^ what is the same thing', 

tbe before*mentioned integral of the differential equation 

y = c\/l +p\ 

which, according to Professor Challis, is the integral, not of the 
equation A = 0, but of the other equation Aj?=0. 

Edinbtugh, August 10, 1871. 

XSIV. On the General Circulation and Distributumqf the Atntom 
sphere. By Professor J. ]>• Everett, of Queen's Coilet/e, 
Belfast*. 

AT the iMeeting of the Briti^^h Association in Dublin in 1857 
a paper was read by Professor James Thomson "On tlie 
Grand Currents of Atmospheric Circulation," iu whieh eci lain 
new views were propounded, differing greatly from the popularly 
received theory of Lieutenant Maury fj and accounting for the 

* CommHnif;»tf'<l by tlie Author, hrwinp- Hcen Ksd tO the British Asso- 
ciation at Ldinburgb (Section A), August 1871. 

t The theory of atmcrapherie ciieuuitioa wlndi ii adopted bf Maury is 
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prevalent aoath-west winds iu north temperate latitudes io a 
more satisfactory manner than by Maury's supposed crossing of 
the upper and lower currents near the Tropic of Cancer. 

Three years lateri Mr. W. Ferrel, A.M., Assistant upon the 

American Ephcmeris and Nautical Almanack, published (in 
vols, i, and ii. of the ' ^!athcmr\tical Monthly') a series of articles 
" On the Motions of Fluids and Solids relative to the Earth':i 
Surface, comprising Applications to the Winds and the Currents 
of the Ocean/' !Mr. Ferret beg-iiis by referrinp; to a pamphlet 
which he published on tlic same subject n few years pn vi- 
ously, and concludes by pointini; out an important niodihca- 
tion in one part of his theory as first ])ublished, a modifica- 
tion whieh he has seen it necessary to make after reading the 
Report of Professor Thomson's papLim the British Association's 
I'roeetiliiigs. Mr. Fcrrel's paper, as reprinted hum the * Mathe- 
matical Monthly/ occupies seventy-two ])agcs, of which about 
aixtv are occupied with an elaborate mathematical investigation 
of the distribution and motion of the atmosphere which would 
result from the rotation of the earth combined with the heating 
of the equatorial regions on the hypothesis of no friction. In 
the latter part of the paper the modifying^ effects of friction arc 
mentioned, and a theory of general atmospheric circulation, as 
actually existing, is laid down in such langnn^^r as to be intelli- 
gible to those who are not able or willing to tuiiow the steps of 
the mathematical investij^ation. 

Without discussing the question of pricnity, 1 may say that 
the views advanced by Mr. Ferrel and by Professor Thomson 
arc sub'^tantially the same, as far as they are comparable; but 
Mr. Ferrel's views are much more fully (l( veh)j)ed and applied. 

As the theory ))ropoundecl by these two authors (which may 
appropriately be called the ccntrifmjal ihcunj of atmosphci^ic dis" 
tritfttwn and circulation) is, I believe, very little known among 
meteorologists, I think I shall be doing good service in calling 
attention to it, and in pointing ont how some of the numerical 
quantities involved may be calculated without the aid of the 
higher analysis employed by Mr. Ferrel. 

Since the tirst draft of the present paper was written, a letter 
has appeared from Mr. Ferrd in ' Nature' (July 20), in which 
he calls attention to some of his principal results, and pi*esents 
some points rather more clearly than in his earlier poblieatioiia* 

that of George Hadlcy, who published it ni the Piiil. Tiaus. fur 1735 (vol. 
xnix. p. 58). Ilfulley sp|>cHr8 to have been the first to ]mint out the true 
ronvu'xion ^)^t^vo^n the ciirth'.s rotation mul the casting of the tradc-w indi. 
llitllov, in H>*^(> (Piiil. Tni No. ls.'<i, Imtl itulicatcd the cxistincc of a 
circuUtiou ut air between ihc poiiu and cqimturial regions, due tu diilcr- 
eoee of temperature, but he erroneomly attributed the easting of thetniks 
to the diurnal wave of heat which runs round the earth from cast to wcst« 
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To prevent misconccptioii, I ^Iionld prcniisc that the problem 
wliich the theory professes to solve i> ;l broad one. It ))rof<'sse3 
to de^Tnbe and aceount lor the grand earrents of atmospheric 
circulation over the earth's surface as a whole, and the distribu- 
tion of the atmosphere in greater or less quantity over the dit'- 
lerent parallels of latitude, \\ ith(jnt taking account of local pecu- 
liarities depending on the inegular distribution of land and 
wat€r» Their discussion constitutes a separate subject of very 
great importance ; but as it ia eaaier to conquer difficulties sepa- 
ratdj than combined, it aeema reasonable to begin by neglect* 
ing these local complications and treating the earth as a solid of 
revolution with a nnifonn surfacey especially as we have, in 
large portions of the existing oceans, a good approximation to 
these hypothetical conditions, and an opportunity of comparing 
theory with observation. 

The actual state of things over these parts of the oeeaa 
may be described by saying that : — 

I. As regards wind, there is an equatorial belt of cahns^ then, 
on each side of this, a belt some i2() wide covered by the trade- 
winds, which blow iVoni the cast, and at the same time towards 
the equator, then anotlier calm-belt near the tropic, and then a 
region, extending as far towards the poles as observations j^o, 
over which the prevaihiii^ winds uw; Irom the west and at the 
i»amc time towards the pole. 

II. As regards quantity of air, the barometer ia low in the 
equatorial odm^belt, from which it gradually rises across the 
trade^wind region to the tropical calm-belt, where the pressure 
is greater than on any other part of the earth ; and from this 
latitude, as far as observations extend, there is a regular fall 
towards a minimum at each pole, the pressures actually ob« 
served in very high latitudes, especially near the South Pole, 
being very much lower than in any other part of the earth at 
sea-level. 

The theory which 1 am advocating asserts that these two 
sets of phenomena stand in the relation of cause and effect. It 
asserts that tb'- distribution of barometric pressure {\n other 
words, the disinbution of the air in greater or less quantity 
over tiie different parallels of latitude) is mainly due to the 
easterly and westerly components of the winds. 

It regards the surface of the earth as a surface of equili- 
brium under the joint action of gravity and the centrifugal 
force of the eartVs rotation. But in the cfue of a body moving 
west or east relative to the earth's surfsft, this equilibrium 
no longer exists, because the body has greater or less centri* 
fugal force than would be requii*ed for equilibrium. West 
winds consist of air revolving faster than the earthy and there- 
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fore having an excess of centrifugal force. Tins c\ce^^ cau be 
resolved iuto two components, one of which is vertically upwaids, 
and produces an inappreciable diminution of barometric prearare 
under it. The other component ia directed along the mendian 
towarda the equator, and will prodnee a defieetion towirda tba 
equator unless the air which Uea on that aide has greater elaalie 
force than the air which lies on the polar side. This component, 
like the vertical one, would be inappreciable if it only aeted 
through a belt five miles wide ; but when the air over a Moe 
many degrees wide hn% a mean motion from the west, the ae- 
cumakted effect, in the shape of differential pressure at ita two 
margins, is very con8iderai)le. 

These remarks respecting the excess of ceiitrifuirnl foree po?- 
gessed by west winds, n]>|>1y equally to the defect of centritui;;il 
force in east winds, exce()t that the pressure which tliey exert m 
virtue of their relative velocity is directed/rtfrn the equator instead 
of towards it. 

Excess and defect of centrifugal force thus produce an increase 
of barometric pressure from the polar to the tropical limit of liie 
region of west winds, and a similar increase from the equatorial 
to the tropical limit of the region of east winds. That is to say, 
the effect due to centrifugal force is everywhere of the same kind 
as the observed difference*. * 

As regards the causes of the east and west winds, the prime 
mover is the incrcast of temperature from the poles to the 
equator, whidi would of itself give a north wind over the whole 
of the northern Iieuiispliere^ and a south wind over the whole of 
the southern, at the earth's surface, with return-currents in the 
opposite directions above but in virtue of the earth's rotation, 
wbieli is carryinir all [)oints of its surface from west to east with 
velocities j)roj)orti()Qal to their distanee^ from the axi?, a body 
set in motion along a meridian towards tlie equator will fall 
behind the meridian unless eonstautly subjected to differential 
pressure on its two sides; and a body niovin? from the equator 
towards either pole tends, iu like jiiiuiiu i, Lo iiiu\ e ui udvancc 
of the meridian along which it is travelling. Most w riters, in 

* It is ucccssary tu rcinurk, by way of caution, thut the effect in ques- 
tion depends upon the movement of the whole body of air over a region, 
and not merely of the lower portion vvbose motion constitutes our oba^fod 

winds. If soTKe strata are moving to the cast and others to the west, op- 
positc sigiis uiuat be givc-u tu euslwurd mud wcstwanl velocities, and the 
average of the whole (not a height-average, but a mass-average) must be 
s^ck. We assume Ibat this average velodty is westward in the trade- 
wind rcpioTi'? nnd rnstwiird in the tempo rntr ront s, thtis n'svcr-iv.'z, the 
observed wiud& Indeed the i'aetof a contnmai cuxul;Uiou ot air bct\^ccu 
the polar and equatorial regions, seems to luvulve, m u tcmdl, that the lu- 
tertropicai parts of the earth's surface are revolving fiwteri and the other 
partt of tb^ evth*s aurflMe slower than the atmoaphere over them* 
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treating of this subject, express themselves so as to convey the 
idea that such a body tends to prfservc its abaolute eastward 
velocity constant*; bnt, as Isir. Fcrrel has remarked, this is an 
nnderstateuiL'iit of the fact ; it is not velocity, but moment of 
momentum that tends to remain constant, and absolute eastward 
velocity tends to vary inversclv as distance from axis. 

The easiiiic/ the tnul('-\Mnds is tluis clearly accounted for. 
But the ])iiiiciples thus lar adduced would give us in the northern 
hemisphere only north-west and north-east winds at the surface 
of the earthy with retttm-cumnks ttom the touth above. How is 
tile prevalence of aouth-west winds at the aoffaee of the earth in 
the north temperate sone^ and of north-west winds in the south 
temperate so'ne, to be aceounted for? The aeoonnt whidi I be« 
Keve to be correct, and which in its essential features is due to 
Professor James Thomson, is as follows : — 

If any stratum of air have less than the average eastward or 
westward velocity (relative to the earth) which prevails through 
the strata above it, it w ill not be able to resist the differential 
pressure from or towards the equator which their motion pro- 
duces. For this reason the lowest stratum of air, havin::: its 
velocity relative to the earth kept down by friction, generally 
moves from the tropical belts of high barometer to the regions 
of low Ijat oiiirtcr at the poles and equator. This is the origin 
of the prt valdit winds of the two temperate zones, which must 
bti regaided as constituting uudcr-currcnts towards the poles, 
bmeath a topmost cttrrent^ also towards the pole^ and a middle 
letum^eummt* 

Between the tropics^ on the other hand, the motion thus ge- 
nerated in the lowest stratum of air coincides with the motion 
due to difference of temperature ; this is probably the reason 
iHiy the trade-winds are more constant than the winds of the 

temperate zones. 

The easting of winds blowing towards the equator, and the 

westing of winds blowing towards the pole, may be summed up 
in the rule that the wind tends to swerve to its right in the 
northern hemisphere and to its left in tli(* sonthcn] : thnt is to 
say, in the northern hemisphere, if not constrained by diilereu- 
tial pressure, it will blow along a curve concave to its right hand ; 
and if it is not allowed thus to swerve, but constrained to keep 
a direct course, it exerts greater pressure against the air on its 
right hand than against the air on its left. 13ut this tendency 
is not peculiar to air which is moving in a northward or south- 
ward airection. We have already pointed out that air which is 
moving from west to east over the earth possesses an excess of 
oentrif ugal force, in virtue of which it tends to deviate towards 
This Busteke oecon in Hadley'a origiual paper. 
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the equator, while air moving from east to west, relative to the 
earth, tends to travel towaida the neareat pole, ao that in both 
these eases the tendency is to the right in the northern hemi-' 
sphere and to the left in the southern. Moreover calenkitioii 
shows that if the vekieity of the wind be small relatively to the 
absolute rotational veloeity of the earth's surfaee in the neigh- 
bonrhood, the foree necessary to prevent deflection haa the sane 
amount in the case of motion along a parallel of latitude^ as in 
the case of motion along a meridian. Nor is it important, in 
this respect, to distinguish between motion along a parallel of 
latitude and niolion cast or west along an nre of a great circle; 
for the deflection due to excess or defect of centrifugal force is, 
in ordinary cases, more than a iiundred times greater than tlie 
defection from one of these paths into the other. For Uioiinu 
along a great circle in any horizontal direction, the intensity of 
the force necessary to prevent deflection is rigorously the same 
fur all direcliuu::^, uud i6 

2(0 sin X . V, 

so bemg the angular velocity of the earth's rotation^ X the lati- 
tude, and 9 the velocity of the motion. 

The application of these principles to the explanation of 
mlones will be at onee apparent to those who arc familiar with 
Taylor's explanation as adopted by Dove, Herschel, and other 
emment authorities, an explanation founded on the tendency of 
north and south winds to be deflected in the northern hemi« 
sphere to their right and in the southern to their left. The fact 
is, that winds from nil points of the compass, flowincr in to a 
centre of barometric depression, experience this tendency to dr- 
flcetion, and the tendency is the same for them all. Accord- 
ingly, whnt nctnally occurs is an inflow from all sides not di- 
rectly but spually ; or, to put the same fact in other words, there 
is inflow towards the centre compounded with rotation round it. 
The rotation is produced and maintained by the pressure whieli 
the inflowing components exert each to its own right ; and the 
central depression is maintained by the pressure vrhieh the ro- 
tating eomponenta exert to tAeir right, that is, outward from the 
centre ; this ia for the northern hemisphere. For the southern 
we have only to put left for rujfht. 

The law of oblique inflow from high to low barometer is not 
confined to storms, but characterisca the ordinary movements 
of the air, and is manifest on the most cursory glance at the 
charts of winds and isobaric lines contained in the quarterly 
publications of the ^leteorological Office. Indeed, judging from 
these charts, the movement to thr rii'lit is much nmrr decided 
than the flow down the barometric gradient, iiuys iiallot'a 
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law, which is a mere snnunary of obsprvrd facts, is stated in tlic 
following: words \\i Mr. Buchan's reecntiy published text-book. 

"The wind neither blows round the centre of least pressure 
as circles, or as tangents to the concentric isobaric curves, nor 
does it blow directly towards that centre ; bnt it takes a di- 
rection intcLiiiediate, approaching, however, more nearly to the 
direction and course of the circular curves than of the radu to 
tile centre ; or the angle u not a right angle, but from about 
60* to 80*/' 

Dove's law of rotation of wind-directton at any one place (via. 
that it changes from north to north-east, then to east, and so roand 

witk the hands of a watch in the northern hemisphere, and in the 
opposite direction in the southern) is probably an indirect eon* 
sequence of the same tendency to deviate to the right in the one 
hemisphere and to the left in the other ; but Dove's law is not 
a lav m any strict sense of the word, it is merely a statement of 
what happens in a majority of instances. 

The quantitative determination of tlic forces dealt witli in the 
present |):i])cr maybe obtained as follows ; and it is important to 
bear in nuiid that they require no correc tn)ii lor Iriction. 

Let V denote the horiisoutal velocity oi a moving body relative 
to the earth's surface, 
P the consLiainiiig force, per uuii ma^i of the body, re- 
quired to prevent deflection, 
X the ktltude in whieh the body is, 
R the earth's radius, about 21 million feet, 

2ir 

the earth's angular velocity^ which is ggyg^» ^ 

seooud be the unit of time» This makes 2a>= ^So* 

I. If the motion be along a meridian, the ccmstraining couple 
mast be eqnsl to the ehange of angular momentum per unit 
time ; that is. j 

F . & eos \=3 ^ (»R> oos» X), 

whence n • ^ t>^^ 

at 

=r — 2a>8in X . I". 

IT, Tf the motion be along a circle of latitude, the excess of 
the crntrifn oral force of the moving body above that of a body 
simply resting on the enrth is 

(toll cosX-f t;)^ (q»R cos X)* 
HcosX RcosX 

2fi>RcosX.v-f 9* o . tr 



cosX.g-fy o /i . ^ \ 

RiSJx — ^ + 55iu5rx> 



Digitized by Google 



tM)6 Prof. J. D. Everett m the General Circuialion 

which is sensiblv equal to 2a)r, if t> be wnaU compared with the 
absolute eastward velocity of the earth's Burfacc wRcosX. Ihe 
sigu of V positive or negative, according aa therclatiye velocity 
which it denotes is eastward or westward. • , j 

The excess 2mo may be resolved into 2«wcosX vertical, and 
2eN)sinX horisontal, of which the latter must be eqiial and op- 
posite to the constraining force P. , , , i r n 

III. The value of P in both cases (and therefore also for all 
intermediate directions) is thus 2»sinX.v, which, if the second 

be the unit of time, is It is the same as the constrain- 



ing force required for motion iu a circle of radius p or t^^y^* 

. 6850 y 

which, if the second be the unit of tunc, is -jjj^^* 

IV. Let C A be a small arc of a circle 
of latitude, B C an arc of a great circle 
touching it in C, N C and N B meri- 
dians. Then N C B is a right-angled 
spherical triangle, and 




Denote this by «, A 1^ 1 y ^ B C by ^. 
Then, by spherical tngunumetry, 

COB (a + /3) ==COS « cos ^, 

or ^ 

cos «— sin a . i8= cos a^l — 

/. sin « . /3 = cos a . ; = tan a = cotan X. The radios 

of the sphere is hero the unit of length. In terms of any nnit 

of length, we have gjg = 1^ cotan X, But B C may be regarded 

B C* 

as the tangent to a circular arc A C, and -^XB expression 

for the radios of curvature. The force which would produce 
deflection from C B into C A, in the case of a body moving with 
velocity v, is therefore the same as the constraining force required 
to keep it on the circumference of a circle of radius 11 cotnii \. 

V. Sinco^ for given velocity f>r circular motion, the constrain- 
ing force varies inversely as the radius, V is to tlic force which 
would produce dcUcction from CB into CA in the ratio 
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B eotanX: ^ ^. ^^ or ^ wbicli. if the second be the anil 

of time, and the foot the unit of lengthy is ^^I^fEi?*, In or- 
dinary cases the valtie of this expression ranges from 100 to 
aeveial hundreds. The tendency to swerve is therefore sensibly 
the same for motion along a circle of latitude as for motion alonjj^ 
n great circle touching it^ in the neighbourhood of the point of 
contact. 

VI. The constraining force on a body moving along a circle 

p 

of latitade is to the body^s weight in the ratio ^. If the foot 

"P ^ sin X« 

and second be units, g is about 32-2. and - is Call 

g *20,000 

this Then if the air between two parallels ol latitude is 

moving east or west with velocity r, the change of pressure is the 
sauie in going m feet along a meridian as in rising 1 footy viz. 
'00114 inch of mercury. The change of pressure per degree of 
latitude (365,000 feet}^ expressed in inches of mercury, it 
S6S000 

X '00114= '0019 v sin t; being in feet per second. 

Hie average observed difference per degree is about *0I of an inch. 

5 

This would require v to be about ^ feet per second. 

VII. For a cyclone, if r denote distance from its axis, and v 
the component velocity perpendicular to r« centrifugal force 
computed as if the earth were at rest gives a barometric differenee 

equivalent to rising a height ~ I -^dr* 

The earth's rotation adds to this a difference equivalent to 
rising a height J^^* 

YIII. The following investigation can be employed instead 
of I., II., III. The earth's rotation «> may be resolved into a 
translation^ a rotation about a horisontal axis (at the place con- 
aidered), and a rotation about a vertical axis. The two former 
may be neglected. The third is 6> sin X, which call »^ The 
lateral constraining force is therefore the same for a body moving 
honsontally in a straight line or in a great circle, as for a body 
travelling along a radius of a horizontal disk revolving about its 
centre with angular velocity Oj. Let r denote distance from 
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centre of dUk^ then we have 

Henoe, for boriiontal motion in a great circle, the tendency to 
Bwenre is rigorooaly equal for all directions of motion, m result 
wludi will be found to agree with the comparison of II. and V. 



XXY. Aecount of ExpermenU ttpon tke Retutanee of Air io the 
Motkn of Vortex^rwgs, £y Robert Stawbll BiXL, A.M., 
Profmor of AppSed Mathanatia and Me^anum, Royal Col^ 
ie^e of Science for Ireland, Dublin*. 

THE experiments, of which the following is an abstract, were 
carried out with the aid of a grant from the Royal Irish 
Academy. A paper containing the results has been laid before 
the Academy. A brief account of one aeries of the experiments 
end a Table embodying them will be given. 

Air-rings 9 inches in diameter were projected from a cubical 
hot, each edge of which is 2 feetf. The blows were delivered 
by means of a pendulum called the striker, which, falHng from 
a constant height, ensured that the rings were projected with a 
constant velocity. In the experiments described in the present 
series, this velocity was a little over 10 feet ])er second. The pen- 
dulum was arranged so as to open a circuit at the instant of its 
release. 

After the ring had traversed a range which varied from 2 
inches to 20 feet, it impinged upon a target. Tlic biosv upon 
the target closed the circuit, whic h liad been opened at the release 
of the striker. A chronoscopc measured the interval of time 
between the release of the striker and the impact upon the target. 

The target was placed successi?ely at distances of 2, 4, G, 8^ 
10, 12, 14, 16, 18, 20 feet from the orifice of the box. Not less 
than ten observations of the time were taken at each range. The 
probable error of the mean time at each range is in every case 
less than 1 per cent, of the whole amount. A special series of 
experiments, which need not be described, determined the vdne 
of the chronoscope readings in seconds. 

The observations arc next represented in a cune, of which the 
absciss^fo nre the ranges, and the ordinntf s the corrcsponditig 
mean chroaoscope readings. By drawing tangents to this curve, 

* Comniuntcated by the Author, being an aTntiact of a |iapa lead before 

the Royal Irish Aon»lt'my. 

t This metlioU was suggested by Professor Tait, See a paper by Sir 
William Thomton, Fliil. Mag. July 18G7 ; alao a paper by the autW, Fhit. 
Msg. July 1868. 
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the velocity of the ring at iu different points is approximately 

found. 

A second projcctiou is made in which the abscissre arc ihc 
ranges and the ordinates are the velocities ; the points thus de- 
termined are approximately in a straight line. 

It follows that the rini;a arc retarded as if acted o})on by a 
force proportional to the velocity, and an approximate value of 
the nnmerical coefficient becomes known. 

A more accurate value having been determined bv the method 
of least squares^ the results are embodied in the following TablCi 
of which a description u first given. 

I. contains a scries of numbers for convenience of reference. 

II. It was found that the motion of the ring in the immediate 
vicinity of the box was influenced by some disturbing element. 
The zero of range was therefore taken at a point 4 feet distant 
from the orifice. This column contains the ranges. 

III. The interval between the release nf the striker and the 
arrival of the i at a point 4 feet from the orifice is G 5 ehro- 
noscoj)ic units, or about 0*93 second. This constant must be 
subtracted from the mean readings of the time in order to reduce 
the zero epoch to the instant when the ring is 4 feet from the 
orifice. This column contains the mean rcatlm^:^ oi" Liie cliro- 
noseope corrected by this amount. 

IV. When the ranges are taken as abseisse and the oorre* 
apondmg times as oidinatesj it is found that a curve can be 
drawn through or near all the points thus produced. To iden- 
tify the points with the curve^ small corrections are in some cases 
required. These corrections are shown in column IV. In 
the case of No. 5 the correction amounts to 0*7. This is about 
O-09 second. The magnitude of this error appears to show that 
some derangement, owing perhaps to a current of air or other 
source of irregularity, Ims vitintrd this result. For the sake of 
uniformity, however, the correi t( <1 value has been retained. 

V. This eoluniTi merely contains the corrected means^ as read 
off upon the curve deternuned by the points. 

VI. The value of the chrouoaeope una alter the first few revo- 
lutions is 

0'1288 second, 

with a probable error oi 0 0002 second. 

15v means of this factor the corrected means in column V. are 
evaluated in seconds in column VI. 

VII. This column contains the time calculated on the hypo- 
thesis that the rings are retarded as if acted upon by a force 
proportional to the velocity, the coefficients being determined by 
the method of least squares ; the formula is 

f =9*016-6*26 log (27-7-s). 
PhO. Mag. S. 4. Vol. 42. No. 279. Sept 1871. P 



Digitized by Google 



210 On the Bemtrnia ^Abr to ihfi Motioh Vwiex^nm^. 

VIII. This column shows that the HifFcrpnce between the cor- 
rected lucau tunc aud tlie ealculutcd lime la no case exceeds 

0*01 second. 

IX. The approximate Tclocities dedaoed by drawing tangpnta 

to the curve. 

X. liie true Telocities calculated from the lormula 

XI. The retarding force^ 

-^=0 136(27-7 -«). 

Tablk of Experiments showing the retardation which a Vortex- 
ring of air experiences wben moviog through air at the same 
temperatore and presiiire. The vortez*ring ia 9 inchea in 
diameter, and baa an initial velocity of 10-2 feet per aeoond. 
The reterding force ia proportional to the velocity ; and after 
2'84 aeconds the ring haa moved 16 feet| and ite velocity is 
lednced to 4*8 feet per aeoond« 
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XXVI. On the Action of Magnetism on Gases traversed by EleC" 
trie Discharges, By MM. A. de la Hivk and E. Sa&asin*. 

ONE of us (M. de la Rive) has been for a long time occu- 
pied with the action of magnetism on the electric jets 
which are propajjcated in very rarefied gaseous media. In his last 
researches, winch appeared in Archivps flcs Sciences Physiqifc^f , 
AI. de la Rive showed tliat the action of ina^'iietisin determines 
a considerable increase of the resistance to electric conduction — 
an increase which varies accorduig to the portion of the jet sub- 
mitted to the action of the electromagnet, and accordini; to the 
position of the tube tiavcrsed by the discharge relatively to the 
magnetic poles. 

M. de la Rive lias also studied in detail the rotation effects pro- 
duced by the action of one ma^etic pole on the electric jets in 
various much rarefied gaseous media. He has described the dif- 
ferences of velocity which result from the greater or less degree 
of rarefaction of the medium and from its greater or less con- 
ductivity, dwelling particularly on the curious appearance pre- 
sented by the electric jet in a medium containing a rather consi- 
derable proportion of aqueous or alcoholic vapour — whicli con- 
sists in the jet being divided into several, fornuni: as it were the 
spokes of a wlicel, and which never takt;s place at any degree of 
rarefaction in gaseous media which contain no vapour. 

At the end of his work M. de la liive intimated that there 
were still maiiy jjonits iu this interesting subject which it waa 
important to elucidate. This is the study which we have under* 
taken together, and the results of which we now communicate 
to the Society. 

The first point we had to ascertain was, whether, when an 
electric jet traverses a rarefied gaseous medium, the influence of 
the magnetism determines a ehange of density, probably an in- 
crease, in the portion of the gas submitted to the action of the 

magnet. 

We next sought to determine the influence of magnetism on 
the electric conductivity of the raretied gases traversed by the 
discharge when this is effected in a direction perpendicular to 
the line joining the poles of the electromagnet — ^that ia to say, 
equatorially. 

Then we studied tins lutluence in a case in which it iiad not 
been previously studied, viz. when the discharge is efifectcd axially, 
or along the line which joins the two poles. 

* liibiiotiieque Untveraelle, Archives des ScienceSt May 18/1. Trans- 
kted from m aepsnte copjr oommuiiiGsted by the Authort* lumsg been 
communicated to the Societe dc Phviiqae et d'Hialoire NatureUe de 

Gcnrvp its meeting on April G, 1871. 
t December lb66, voL zxvii. p. 28^. 

P2 
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Finally we examiued in the same connexion a third case, in 
which tlie electric jet is caused to rotate cent iiniously under the 
action of an electromagnet arranged for that purpose within the 
rarehed gaseous medium. 

As our aim was not to search out for each gas the numerica] 
eoefficieDta rdativeto those different kinds of action^ but only to 
determine the general laws of the phenomena with which we are 
engaged^ we have limited our operationa to three ^aaea very dif- 
ferent in their physical and chemical properties^ via. almoipkerie 
hydrogen, and carbome ueid, 

L Infiitence of MagmUim on the DtmUy of the rarefied Oa$ 
iraoened by the Eleetne Dueharge, 

When the eleetrie jet transmitted ibron^h a rarefied gaa in a 
tabe ta snbmitted to the aetion of magnetnm^ the jet^ tending^ 
as Fliicker has shown, to describe a magnetic curve, beara towaida 
the sides of the tube (which just prevent it from describing ex* 
actly the cuht), and that to one aide or the other, according to 
the relative direction of the magnetism and of the electric cur- 
rent. At the same time the jot, which spreads itaelf out more 
(M- less 111 the tube according to the density of the gas, seems to 
contract to a tolerably thin thread. One is therefore disposed 
to believe that the gas itself is condensed uuder the action of the 
electromagnet, and that perhaps this is the cause to w hich is due 
the greater i^esistance it then offers to electric condueiion ; conse- 
quently we thought we ought to commence our work by endea- 
vouring to ascertain if this condensation really takes place. 

From the first trials we madcj by putting the tube traveraed 
by the dectrie discharge under the action of magnetism into 
communication with a very sensitive manometer^ we recognised 
that the apparent condensation of the electric jet is accompanied 
by an augmentation of the elastic force of the gas; and this fact 
is observed with the greatest facility. When the induction- 
current is passed through a tube filled with any gas brought to 
a ccTtnin dcnrrf r of rarrfartion, and enminunicMtitiir with the ma- 
nometer, the latter ludicates a very notable incrcaise of pressure 
at the moment the discharge bi guis to pass. This increase of 
pressure evidently results from the heating of the gai>. When 
the tube, continuously traversed by the electric discharge, is 
afterwards submitted to the action of mugnetisni, the pre^burc iu 
the tube is seen to diminish, but never returns ouite to what it 
waa before the passage of the current. Under the action of the 
magnetisation, then, the elastic force of the gas traversed by the 
electric discharge has been sensibly diminished, though without 
returning to what it waa before the passage of the corrent. This 
diminution must be due, at least in part, to the weakening of 
the cnrrent^ which from that time must produce leas heating. 
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In order to study this special point more closely, we made 
nse of 'ti lar;^e glass tube with two compartments divided the ODC 
from the other by a stopcock, also of glass, with a large openin*^. 
The length of this tube is 51 ccutimetres, its diameter 65 milli- 
metres, the length of each of the two compartments 225 millims.; 
they are joined together by a tubalme 60 millims. long.^ 10 mil- 
limB. in diameter^ and the opening of the glass stopcock lias the 
aame aeedon as the latter. The ptopeoek^ working with perfeet 
smoothness, cloees hermetically. The tube carries at its two 
extremities brass monntingSy with stopcocks and knobbed elec- 
trodes, also of braaa. The distance from one electrode to the 
other is 41 centims. The tube is placed transversely between 
the two poles of the electromagnet in such a manner that the 
centre of one of the compartments is on the axis of the magnet, 
while the other is completely withdrawn from the action of the 
magnetism. The electromagnet used in these experiments was 
that described by M. de la Rive in his memoir on the magnetic 
rotatory polaiizaUuii of lic|uids*. We usually magnetized it 
with the current produced by 40 Bunseu couples. In order that 
the magnetic action might be as intense as possible on one of 
the two moieties of the electric diseharge, the two poles of the 
electromagnet were brought into imme&ite contact with the 
sides of that compartment of the glass tube which was to be 
submitted to its action. This compartment was pat in commu- 
nication, by means of a small leaden tube, with a very sensitive 
manometer, consisting of a double barometer and a cathetometcr 
which permitted the estimation of hundredths of a millimetre. 
The other compartment was connrctrd by a syj'tem of leadru 
tubes with an ordinary air-pump, a mercurial air-pump, and an 
apparatus for introdueiiiiz; and desiccatiug the gases. The in- 
duced current was f inuslK d by a Ruhmkorff coil of medium 
size exeiti (1 l)\ tli( current oi a Grove pile of four pairs. 

In makiikg Uic experiment, we commeuced by producing a 
vacuum throughout the apparatus, then introduced the gas which 
was to be operated on, again ezhausted the apparatus, reintro- 
duced the gas, repeating the process several times, till the con- 
tained gas was sufficiently pure; the gas in the tube was then 
broni^t to a well-determined pressure, which could be easily 
done, within 6 or 10 hundredths of a millimetre, either with the 
mercurial pump, or with the ordinary air-pump, by suitably re- 
gulating the working of the stopcocks. 

Communication with the lead pipes being closed, the level of 
the mercury is taken very exactly ; then the cock which regu- 
lates the communication between the glass tube and the raano- 

* Archives des Sci» Pikyc. et Nat* voL uzviii. p. 209 i PbiL Hsg* S. 4. 
vol. xl. p* 394. 
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meter ta clowd, the eleetromignet magnettted, and tbe eiurniC 
pamed. In the compartment which ia placed between the two 
magnetic poles the luminous jet it very much condenaed and 
driven agajnat the side of the tube. In the other compartment 
ecaroely any effect ia apparent, except the diminution of bright- 
ness resulting from the considerable augmentation of resistance 
produced in the compartment submitted to niairnetlzation, and 
consequently the dimitTitinn of tlu- intensity cftlie discb irrre. 
The magnetism is permitted to net diirinLr (vnu 10 to :iU se- 
conds; then the large glass eoek is eluded, uhile the current is 
still proputrating ; at the same moment tlie interruj)tor of the 
Ruhmkorti is turned, aiiii lima the current is stopped. Finally, 
the manometer is observed while the cock which separates the 
first oompartment from the manometer ia opened and then the 
hurge glaia cock. By operating thus it is found that the gas 
contained in the compartment on which the magnet haa acted 
presents a very sensible increase of pressure, while in the other 
an equivalent partial vaeuum has been produced. By observing 
the manometer, a great oscillation is seen to be produced there 
the moment the cock is opened which puts it in communication 
with the compartment on which the magnet has acted; the level 
ot the iiK if uiy falls several hundredths of a luilhmetre. Then, 
when we ojnn the «:lass eoek (which puts tlir >econd compart- 
ment in coniniuniealion wilh the first and uiili the manometer), 
we observe a second oscillation, in direction oj)posite to the firsth- 
and when the motion of the mercury has ceased, we see that its 
level has returned exactly to what it was before the experiment. 
Thus, then, under the action of the magnetism^ a certain quan- 
tity of gas has passed from the oompartment which is outside of 
that action into that which was submitted to it, and haa eonae- 
qnently increased the density of the gas contained therein. 

This effect, of course, varies with the force of the magnet, with 
the intensity of the induced current, and the initial pressure of 
the gas operated on. It evidently increases with the intensity 
of the magnetism and with that of the discharge ; it increases 
also very notably witli the itutial density of the gas, ])rovKied the 
discharge is strong t ii jugh for its intensity not to be too much 
weakened by this auguicntation of density. For a given inten- 
sity of the current of the induction-coil, and a determiniti dis- 
tance ol the electrodes, there is, then, lur each gas a pressure at 
which the effect observed i8 the maximum. This pressure is the 
lowest for air (the worst conductor of the three gaaea on which 
we operated), high for carbonic aeidj and higher still for by* 
drogen. For eiample, in the large tube with the glasa cock, 
and with the Ruhmkorff of medium size, the three preasurea 
corresponding to the maximum effect were 7-8 millims. for air. 
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10-12 inillims. for carbonic acid, and 15 millims. for hydrogen. 
A very great numln r of uxperiuients have sh()\s n U9 that the 
condensatiou is the gixiUc^t with air, sensibly less with carbonic 
acid, and very slight with hydrogen. With the niediuin-sized 
Ituhiiikorff coil, we obtained for the variation of the clastic 
force, having for the three gaj^esi the i»ame initial pressure of 8 
millirna. 

Air, Ctfbooie acid. Hydrogen. 

iiiiDiin. miUiBi. niUiin. nUUm. miUtm. nnQim. 
0*12 and 0*16 0*06 and 0*12 0*02 and 0*04. 

It was needless, as may be seen, to reduce the current to the 
same intensity in each case, as we had done at first j for even 
when this is not done the order in which the gases range them- 
selves does not change; and the result is then so much the more 
significant^ because the intensity of the current, greater in car^ 
bonic add and hydrogen than in air^ ought on tiie eontrary, if it 
disturbed the expenmentaj to invert tlie order of the three gasea* 

Although tlie nnmeroua experiments madennte these condi- 
tiona left no doubt of the effeet, variable from one gaa to the 
other, which magnetism exerts on a rarefied medium traversed 
by the electric discharge^ we desired to resume the experiments, 
and to repeat them with a very powerful Buhmkorff coil, which 
permitted us to work with much higher pressures by having a 
stronger current, and to obtain thereby even much more pro- 
nounced efTects. The followinir Tabic contains the results ob- 
tamed i^i this new series of ei^periments : — ^ 

Differences of Pressure observed. 

Air. Carbonic acid. Hydrogen* 

minim. millim. millim. millim. millim. millini. 
At 8 010 to 0 1*? 0-04 to 0 06 0 02 

15 0-24 to ()-:.>8 0-16 0-01 

20 0-32 to 0-36 0 20 0 06 

These numbers refer to the case in which the cuinpartmcnt 
containing the negative electrode is placed between the two poles 
of the magnet, the other being placed outside of its action. Our 
experiments showed that the effect is much less in the inverse 
case. When the magnet acted on the positive part of the jet, 
we obtained for that variation of pressure with air, at 20 millims., 
0-16>0-18 millim. instead of 0*82 mtUim. 

It results^ then, from these experiments that the action of 
magnetism sensibly increases the density of a gaseous medium 
traversed by the eleetrie discharge in that portion of the medium 
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on which the action it exerted. This effeet varies aoeording to 
the different gases : it is so much the greater as the eleetric eon- 
dncting-power of the gas is leas* It varies also aeeoxding to the 
portion of the jet suhmitted to the action of the magnet, being 
a maximum when the magnet acts on the ne^^tive portion. 

We confine ourselves for the present to stating the fact, with- 
out venturing as yet to give the interpretation of it It may 
proceed either from a real condensation of the gaseous moleciil<'3 
effected by the magnetism, or from a diffrnnicc of tcaiperature 
between the part of the jft wliich is submitted to the muL'-nrtic 
action and that which is nrt, ni from botli causes combnied. 
We purpose to resume tlit t xamuiaUon of this question in the 
study which we intend to make of the influence of maijnetisiii 
on the calorific eifects produced by the passage of the electric 
discfasrge through rarefied gases. 

11. Action of Magnetism on the Conductivity of Rarefied Gasct 
when the Electric Discharge is direeted trantverselij to the line 
which jaine the poke of the electrmnoffnetg or EquatoriaUy. 

In order to study the influence of magnetism on the resistance 
opposed hy a rai cfied gas to the transmission of the electric dis- 
charge when this takes place in a direction perpendicular to the 
line of the polrs of the elcctroniaprnct, we used a cylindrical glass 
tube ot which the dimensions were such that tiie electrir jet was 
submitted in its whole length to the intense action ot the mag- 
netism. Tins t\ibe was 20 centims. long, and ^5 milHms. in 
diameter; at each extremity it had a brass mouiiuug with a 
stopcock and a knobbed electrode, also of brass. The distance 
between the two electrodes was equal to the diameter of the soft 
iron of the electromagnet, vis. 9 oentims. "Hiis cylinder was 
arranged like the large tube with glass stopcock in the preceding 
experiment, and communicated by lead pipes, at one end with 
the manometer, and at the other with the air*pump. 

That we might be able to institute a comparison between the 
three gases on which we wished to operate, it was necessary to 
reduce them all to the same prc;^snre, and pass through them a 
current of the same intensity. But as it was not easy to place 
a rheostat in tlie induct d circuit, we thonirht of varying the in- 
tensity of the iiulucin^^ current by introducnig a wire of Gtnuaii 
silver of greater <ir less length. The induced current traversing 
the rarefied gas wsis measured by means of a very sensitive gal- 
vanometer* and the apparatus described by M. de la Kivc in his 
researches on tlic ckctnc discliargc m rai*etied gasesf. Lastly, 

* This galvanometer was pla«\ <l in nn ntljoininjj room, at a gutticiint di*- 
tuDce from the electromaguet to preclude its needle bciog iuiluenoccl by it. 
t AreUvee dee Seieneee Pkjfe, et Nat. July I860, vol. uri. p. 177. 
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as the gaseous column on which we operated was very short and 
not suffinViit , {•specially in the case of hydrogen, to eliminate the 
induced current of f( rble tension given by the lluhmkorff roil nt 
the same time ns tlie current of strong tension, in the (i[)})()sit(3 
direction, winch was used in the experiment, we introduced into 
the induced circuit a cyliiidncal Geissler tube of 49 ccntims. 
lengthy 30 millims. diameter, and containing rarefied hydrop;en. 

To meaBure the inflaence of magnetism on the electric conduc- 
tivity of a rarefied gas traversed bv the induetion-current, we 
reduced each of the gaaea operated on to a given preaanre, the 
same for all three; then we regulated the intensity of the indn- 
eing current in aoch manner as to have always, in each aeriea of 
experiments, the same intensity of the induced current. Uaving 
thus, at the commencement of each experiment, placed the gaa 
in identical initial conditions, we magnetized ; then we sought 
the degree of rarefaction to which it was necessary to reduce it 
in order that, under the action of tlic magnetisrjt, the intctisity 
of the traversinjr current might become the same as before the 
matrnetization. This method is more delicate than that which 
would consist simply in measuring the diminution produced in 
the deflection of the galvaiiometer when the rarefied gas is sub- 
mitted to the action of magnetism. That deflection uiay^ in fact^ 
under the action of magnetiam^ be lednced from 60° or more to 
a very alight one — from 6^ to 8°, for example^ and even leas, 
about the valae of which it ia very easy to make a mistake. 
There is, besides, a great advantage in varying the pressure, of 
which a very precise measurement can be obtained — rather than 
the intensity, which cannot be accurately measured by the de* 
flections of the galvanometer- needle, to which it is not propor- 
tional when thev exceed 30^. 

^^ e coiiimt nceil the. experiment by makiii!r a varuum through- 
out the system ; then we introducr{l dry and pure the gas to be 
operated on, exhausted again, reintroduced the gas, and repeated 
this two or three times in succession, so as to expel foreign gases. 
By afterwards suitably regulating the cocks of the air-pump, wc 
succeeded iu making its action perfectly regular, and thus ob- 
tained, very exactly, the degree of rarefaction desired (80 mil- 
lima. for example). The moment this pressure waa reached, the 
cock of the glass tnbe was closed ; then the intensity of the in- 
ducing current was regulated so as to obtain the required deflec- 
tion of the galvanometer. This being done, we magnetized, and 
gradually exhausted the tube until the galvanometer-deflection 
had returned to exactly what it was before. We then again in* 
terrupted the communication of the glass tube with the pump, 
verified again that tli( induced current had r( nlly resumed pre- 
cisely ita initial inteuaity, and, lastly, took the reading of the 
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manometer, which daring the whole experiment had remained 
in communication with the glass tube. 

After repeating these cxpenmtnt* a few times^ one can make 
them with great rapidity and yet obtain^ for the aAtne gas in the 
same oonditions, almoet absolutely concordent resolto. 

We exeeated several series of eomperative ezperimeiits with 
air, hydrogen, and earbontc acid^ at pressures of SO, 80, and 40 
milUmi. We limit ourselves to giving the results of some j all| 
however^ were perfectly concordant with one another. 

Atmospheric air. Hydrogen. 
Defl. Pressure. Defl. Prenure* 



of aalr. milliins* of gait. 

8(r withoutmagnetiiing 20 80^ withoutmagoetiting 20 

with magnetisation 6*64 with magnetiaation 3*50 

6-56 290 

6*20 d;20 

Mean . . 8-20 

Mean . . 6*50 

From this Table is seen how the infliu iicc of magnetism on 
the electric conductivity of a gas traverssed by the induction- 
current varies from one gas to the other. The niiniherR just 
given show that luaguetisiii diuiiuibhes the electric cuuductivity 
of hydrogen much more than that of air ; yet the apparent con- 
traction of the jet under the action of magnetism is much less in 
hydrogen than in air. This at once makes it evident that the 
condensation of the jet is not the sole cause of the augmentation 
of resistance, and that probably it is not even the preponderant 
cause. 

The following are the results obtained in a series chosen from 
several others which we made on the three gases in question 

Initial pressure of the throe gases • . 80 millims. 
Constant deflection of the galvanometer. 80^ 

Pressure under the action of magiietiiution ;— 

Hydrogen, Carbonic acid. Air. 

millims. millimt. milUros. 

7-30 10-60 13-70 

7G0 10-42 1334 

7-60 1055 — 

Mean . 7-50 10*52 13-52 

The same result at 20 millims : 

Initial pressure of the three gases . . 20 millims. 
Constant deflection of the galvanometer. 80^ 



Fiessttre under the action of magpnetiiation : — 



Hydrogen. 


Carbonic acid. 


Air* 




inilliiBi. 


niiliait. 


2-45 


8-20 


6-72 


2-56 


8-80 


6-52 


2-80 




G-50 


. 2*60 


8*25 


6-68 



Mean 

The rfTect was the «nme also at 40 inillims. ; only wc could 
not obtain very regular results with air at that pressurej the 
dkcharge therein being too discontiauous. 

Initial pressure of the two grases . . 40 milliiiui. 
Constant detiectiou of the galvanometer. 30^ 

f resaore under the action of magnetisation : — 
Hydrogen. Carbonic add. 

milliins. millinit. 

13-54 IGOO 
1860 16-24 

Mean . . 18-67 1612 

From these multiplied experiments we may therefore conclude 
that the increase of reaistanee which results for a gaa from the 
setion of magnetism is as much greater as the electric conduct* 
ingopower of the gas is greater. In fact we hvre seen that it is 

greatest for hydrogen, the conducting-powcr of which is very 
great — less for carbonic acid^ which is sensibly less conductive^ 
and least for atmospheric air^ which presents a much greater re- 
sistance than the two precedifig gases. As we have already re- 
marked, the co?Tipressibility appears to play only a very secondary 
part^ if aiiy^ lu this class of phenomena. 

III. Action of MaffnetUm on the Eleeim Jet when this tt Hreeted 
along the Une which joins the magnetic poles, or AsMly. 

The action of magnetism on the electric jet varies, of course, 
much With the position occupied by the jet relative to the poles 
of the electromagnet. Divers physicists have occupied them- 
selves with this subject^ aqd in their researches have considered 
the most varied cases ; bnt we do not think that the simple case 
which forms the subject of this section, and, as we shall see, is 
very interesting^ has yet been particularly studied. 

It waa necessary that the two ends of the tube through which 
we transmitted the electric discharge should be capable of being 
introduced into the cylindrical opening in the two pieces of soft 
iron of the electromagnet. Therefore the nppnrntns wc used in 
this senes of experiments coui&isted of a narrow glass tube^ 22 
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milliiDS. in interaal diameter^ and 40 oentims. long; the jet had 
a length of 20 centims. To the two eztremitiea of this tube were 
cemented the two eketrodea^ each formed of a bma rod endins 
in a knob, likewise of brass. One of these electrodes extended 
externally in a long brass stem endiDg at the extremity of the 
opeDing in the soft iron, the other in a lead pipe very nanow 
and flexible, which, passing through the opening in the second 
soft iron, put the glass tube in communication with the mano- 
meter and the air-pump. The cfTect of magnetism on the elec- 
tric discharge thus arranged axially varies with the distance of 
the poles of tlie magnet. With our apparatus, the most favour- 
able case appeared to be that in which we had a fixed distance of 
10 centims. between the two poles, which distance we luuiutamLd 
throughout our experiments. The effect of niagnctisai on the 
resistance of the rarefied gas contained in the axial tnbe, as well 
as on the appearance of the electric jet, varies likewise with the 
position occupied by the electrodes in relation to the magnetic 
poles; the action of magnetism on the resistance reaches its 
maximum when the knob serving as the negative electrode is in 
the middle of the interval separating the magnetic poles. The 
influence of magnetism on the axial discharge is very feeble at 
pressures above 2 millims. Ncvcrtiieless, even in this case the 
magnetization sensibly modifies the appcnrancr of the jet : having 
been discontinuous and striated, it beconies much more conti- 
nnous; jjtill it is not possible as yet to verify an appreciable change 
in the resistance. From 2 miliims. the effect is much more pro- 
nounced ; and here wc must distinguish two principal positions 
of the electrodes in the tube. 

\st position. The negative electrode is placed in the centre of 
the interval separating the magnetic poles. When the gas is 
brought to a pressurelielow 2 millims., the moment we magne> 
tise^ a complete modification in the appearance of the discharge 
is observed. The extremity of the positive jet lengthens into a 
dart which applies itself to the side of the tube, approaching 
more and more to the negative electrode, and ends, at the lowest 
pressures we have been able to attain, by passing between the 
tube and the negative knob to unite behind it with a blue sheath 
which has replaced the negative aureole. The chan2:e prodnced 
in the resistance is still more remarkable than the moditicatiou 
in the ap])earance ot the jet : indeed, in this case, contrary to 
what would take place with the transverse discharge, the electric 
conductivity ot ihe gas traversed by the electric jet is incna^cd 
under the influence of magnetism. At 1 miUiui. ^ressure^ fur 
example, while the galvanometer placed in the derived current 
gave a deflection of B(f when the electromagnet was not in action^ 
it marked 85^ after the magnetisation in £e case of air, 38^ in 
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the case of carbonic acid, and 40° in the case of hydrogen. We 
see by this that the electric conductivity of the rarefied gas con- 
tained in the axial tube is notably ancrmfiitcd by the magneti- 
zing. At the same time wc ascertain that the effect is not the 
same in the different gases: it is maximnm in hydrogen, mini- 
mum in air; the order of the tlucc ^^ascsi la the same here as in 
the experiments with the transverse discharge. The less the 
pressure, the more marked is the cilcct ; al ^ uiillim. pressure 
wc have seen the deflection of the galvanometer pass^ in conse- 
quenee of the magnetizing, from 15^ to 26® with tat, to d(f widi 
carbonic aeid, ftnd to 88^ with hydrogen : it is seen that the in- 
tensity of the carrent was more than doubled in hydrogen. 

itna potUion. The negative electrode is in the immediate vici- 
nity of one of the magnetic poles. The modification induced in 
this case in the appearance of the electric jet is mnch more re- 
markable than in tne preceding. In proportion as the pressure 
diminishes below 2 millims., the luminous envelope which sur- 
rounded the negative electrode lengthens more and more, inva- 
ding the dark space; at the lowest pressures we have been able 
to attain, the negative part of the jet formed at last a veiy elon- 
gated frustum of a cone, filHng the whole interval between the 
two electrodes, the positive part having been driven back into the 
interior of the soft-iron cyliuder. In this position of ihe tube 
the increase observed in the conductivity of the rarefied gas is a 
little less than that obtained in the first position. By slowly 
moving the tube, it may be made to take all the positions be- 
tween the two on which we have particularly dwelt. Starting 
from the second position, we see the negative luminous cone 
shorten more and more, then give place to the positive dart, 
which advances as far as behind the negative electrode. The 
direction of the magnetization has no influence, either on the 
increase of condnetivitv or on the appearanoe of the electric jet. 

M. dc la Kive had already, in his study on the 9r\mv subject 
(cited at the beginning of our m inoii ), described a special case 
in which the action of magnetism appeared tu Inm to increase the 
electric conductivity of the gas instead of tlmiinishing it : it was 
where the discharge was transuatted through u spiral tube placed 
in a peculiar manner between the poles of the electromagnet ; 
but he did not dwell on it, reserving the study of it for a future 
memoir*. 

IV. T^e Action of Magnetism on the Electric Jet when this is fV- 
taied continuously round the pole of the Eleetromagwt, 

The rotatory movement of the jet may either be performed in 
8 plane perpendicular to the axis of the electromagnet which 
• AreMsss dts 8ei, Pkjfs, «t Not, Dee. 1866» vol. zzni. p. 296. 
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produces the rotatidii (which taki s place when the s})ark strikes 
between a metallic rinp; perpcndicuhir to the axis of the mncnct 
and an electrode ph\ced in its centre in the continuation ot that 
axis*), or take place vertically round the axis of a small cylituli^r 
of soft iron magnetized by contact with one of the poles ol the 
clectromagDet, and of which the extremity constituted one of the 
electrodes. 

In tbe fint etae there is no sensible Yenation of ecmdaetivity 
in the gas when the iet is pat in movement by the action or 
magnetism ; the condaetivily remains exactly what it was when 
the jet was not under the inflaenee of the magnet and conae- 
quently waa at rest. It is the same when^ aqueous or alcohdie 
vapour being introduced into the rarefied gas, under the mag- 
netic influence the jet^ previously single^ is divided into several 
resenibliug the spokes of a wheel. 

Willi aqueous vapour the medium at the sauie degree of ten- 
sion is more conductive than the dry gas; with tlie vij) >ui of 
alcohol it is less so, in the same conditions; bul with luiiher of 
these two vapours, any mure liiaii with the dry gas, docs the 
magoetiam, when it determines the rotation of the jet, influence 
the electrie conductivity. 

It is quite different when the jet describes round the rod of 
magnetised soft iron a cylinder whose axis is that of the rod« In 
this case there is a very sensible increase of resistance to tfaeelee- 
tric eondnetion when the jet, instead of being motionless, rotates 
from the effect of the magnetism. But this increase is sensibly 
greater when it is positive electricity that issues from the apex 
of the soft iron than when it is negative. Thus in the tirst case 
we have seen the deiiectiou of tht* galvanometer dimmish from 
65° to 45°, while in the second case it diminished only from 05^ 
to 55°. Let us remark that in the case in which the dimiuutiuu 
of conductivity is the greatest the rotation of the jet seetns to 
be elTccted with more difficulty^ in the same eondiLiuns oi inten- 
sity of the electric discbarge, intensity of magnetism, and rarefac- 
tum of the gaseous medium, which is simply atmospherie air at 
4 millims, nressnre : not onljr is the rotation much less rapid, bat 
the jet itself, instead of remaining vertical, takes during its rota* 
tion an inclined position ; this is observed to a certain degree in 
the other case, but is much more pronounced in that in which 
the conductivity is most diminished. 

Tt would therefore seem that this diminution of conductivity 
corresponds to the constrained positirm whieh the electric jet is 
forced to take under the iiiHuenee of the magnetizing in the case 
in which it is naturally vertical; whereas, when it is naturally 

* In these experiments the mnj^net was nrrrtn^rd n vertical ColaWli 
lustead uf in a borseshoe-form as in the pceceduig experimeuU. 
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horizontal and turns in the samp direction as the hands of a watch, 
the magnetism iiu n ty impresses on it n continuous movement 
of rotation^ withi>ut luaking any alteration m its fonu, its direc- 
tion^ or its appearance. 

Canchiiiom* 

ItfollowB from the experiments described in this memoir 

1. That the action of magnetism, when it is exerted only on 
a portion of an electric jet transmitted through a rarefied gas, 
determines in that portion an increase of denaity. 

2. That the same action, when it is exerted on an electric jet 
placed equatorially between the poles of an electromagnet pro* 
duces in the rarefied gas in which it is propagated an increase of 
resistance which is as much greater as the gas itself is more 
conductive. 

3. That this action, on the contrary, determines a diminution 
of resistance when the jet is directed axialli/ between the two 
magnetic poles, this diminution being as much greater as the 
gas is more conductive. 

4. That when the action of the magnetism consists in im- 
pressing a continuous movement of rotation on the electric jet, 
It has no iDfluenee on the resistance to oottdttotioOy if the rota- 
tion is effected in a plane perpendicular to the axis of tlM mag- 
netised soft-iron ^linder which determines the rotition ; while 
it notably diminishes it if the rotstion takes place so that the 
electric jet describes a cylinder round the axis of the rod. 

5. That these different effects apparently cannot be attributed 
to variations of density produced i!i the gasc<>u?< medium by the 
magnetic action, but very probably their t xplauatiou will be 
found in the ])ertnrbation induced by that action in the arrange- 
ment (or di-^position of the particles of the rarefied gas) neces- 
sary for the propagation of electricity. 



XXVII. Proeeedinffs qf Learned 8oeieiie9* 

BOTAL SOCIETY. 
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May 25, 1871.— General Sir Edward Sabine, K.C.B.« President, 

in the Chair. 

THE following communication was read 
Note on the Spectrum of Uranus and the Spectrum of Comet 
I., 1871/* By mrillian Huggins, LL.D., D.C.L.. V.P.R.8. 

In the paper "On the Spectra of some of the Fixed Stars"*, 
presented coojotntly by Dr. Miller and myself to the Royal Society 

• PhU. Trans. 18H P- 413; sad for Um, UtnMj NotiMt S. istr. Soe. 
ToL xxnL p. 17S. 
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in 1864, we gave the results of our observations of the spectra of the 
planets Venus, Mars, Jupiter, and Saturn ; but we found the light 
from Uranus and Neptune too faint to be satisfactorily examined with 
the spectroscope. 

By means of the equatorial refractor of 15 inches aperture, by 
Messrs. Grubb and Son, recently placed in my hands by the Royal 
Society, 1 have succeeded iu nmking the observations described in 
this paper of the remarkable spectrum which is afforded by the light 
of the planet Uranus. 

It should be stated that the spectrum of Uranus was observed by 
Father Secchi in 1869*. lie says, *• le jaune y fait compl<?tenient 
defaut. Dans le vert et dans le bleu il y a deux raies trtis-larges et 
tres-noires.'* He represents the band in the blue as more refrangible 
than F, and the one in the green as near E. 




The spectrum of Uranus, aa it appears in my instrument, is repre- 
sented in the accorapan^'ing diagram. The narrow spectrum placed 
above that of Uranus gives the relative positions of the principal solar 
lines and of the two strongest absorption-bands produced by our 
atmosphere — namely, the group of lines a little more refrangible than 
D, and the group which occurs about midway from C to D. The 
scale placed above gives wave-lengths in millionths of a millimetre. 

The spectrum of Uranus is continuous, without any part being 
wanting, as far as the feebleness of its light permits it to be traced, 
which is from about C to about G. 

On account of the small amount of light received from this planet, 
I was not able to use a slit sufficiently narrow to bring out the 
Fraunhofer lines. The positions of the bands produced by planetary 
absorption, which are broad and strong in comparison with the solar 
lines, were determined by the micrometer and by direct comparison 
with the spectra of terrestrial substances. 

The 8j)ectro8cope was furnished with one prism of dense flint- 
glass, having a refracting- angle of 00°, an observing telescope mag- 
nifying f>4 diameters, and a collimator of 5 inches focal length. A 
cylindrical lens was used to increase the breadth of the spectrum. 

The remarkable absorption taking place at Uranus shows itself 
in six strong lines, which are drawn in the diagram. The least 

» Comptea Eendua, vol. Ixviii. p. 701, and 'Le Soleil,' Paria, 1870, p. 354. 
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reft t^npblc of these lines occurs in n faint part of the spectrum, and 
could not be measured. Its positiuu was estimated only, ami (tw 
this account it is represented iu the diagram by a dotted line. The 
potitaosi of the other lines were obtained by xnierometrkel mefttiires 
on di0Serent nichtt. The strongest of the lines is that wbieh has a 
wAve-length of about 544 milUonths of a miUimetre. The bauil at 
572 of the scale is nearly as broad but not so dark ; the one a 
little less refrangible than D is narrower than the others. 

The measures taken of the most refrangible band sliowed that 
it was at or verv near the position of F in the solar spectrum. The 
light from a tube containing rarefied bjdrogen, ren dered luminous 
hj the indnction^spark, was then oompared directly with that of 
tfranus. The band in the planet's spectrum appeared to he eoiud* 
dent with the bright line of hydrogen. 

Three of the banrls were shown by the micrometer not tn differ 
greatly in position from some of the bright lines of the spectrum of 
air. A direct comparison was made, when the principal bright lines 
were found to have the positions, relatively to the lines of planetary 
abaorption, whieh are shown in the diagiam. The band which has 
a 'Aavclength of about 5/2 millionths of a millimetre is less refran- 
gible than the double line of nitrogen which occurs near it. The two 
planetnry bands at ,'fi."i and 618 of the scale appeared very nearly 
coiuci(K lit with briglit lines of air. The faintness of the planet's 
spectrum did not admit of certainty on this point; I suspected that 
the planetary lines arc iu a small degree less refrangible. .There 
u no strong line in the spectrum of Uranus in the position of the 
strongest of the lines of air, namely the douI)le line of nitrogen. 

As carbonic add gas might be considered, without much impro- 
bability, to be a constituent of the atmosphere of Uranus, I took 
measures with the same spectroscope of the principal groups of 
bright lines which present thcmfselves when the induction-spark is 
passed through llaa gajs. The result was to show that the bands of 
iTranns cannot be ascribed to the absorption of this gas. 

There is no absorption-band at the position of the line of sodium. 
It will be seen by a reference to the diagram that there are no lines 
in the spectrum of Uranus at the positions of the principal grOUps 
produced by the absorption of the earth's atmosphere* 

Spectrum of Oomet I., 18/1 • 

On April 7 a faint comet was discovered by Dr. Winnecke. T ob- 
served tlie comet on April 13 and May 2. On both days the com( t 
was exceediiiLrly lamt, and on May 2 it was rendered more difiiculc 
to observe by tiie light of the moon and a faint haze in the atmo- 
sphere. It present^ the aiipearance of a small faint coma, with an 
extension in the direction from the sun. 

"When obserred in the spectroscope, T could detect the light of the 
coma to consist almost entirely of three bright bands. 

A fair measure was obtained of the centre of the nnddle bnnd, which 
was tlie brightest ; it gives tor this band a wave-length vA [ilmut 5U) 
millionths of a millinietre. I was not able to do more tiiun esti- 
mate roughly the position of the less refrangible band. The result 

PA*/. Ma^. S. 4. Vol. 42. No. 270. Sept. 1871. Q 
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gives j4j millionths. Tlte third band was situated at about th« 
aarae distance from the middle band on the more refiangible aide. 

It would appear that this cornet is similar in constitntion to the 
comets which I examined in 1868*. 

June IT). —General Sir Edward Sabine, K.C.B., Pres., in the Chair. 
The following communicatiou was read 

" On a Law in Chemical D?namic8." Bj John Hall Gladstone;, 
Ph.1>.» F.R.S., and Alfred Tribe. F.C.S. 

It is well known that one metal has the power of decomposing 
the salts of certain other metals, and that the chemical change will 
proceed until the more powerful metal lias entirely taken the place 
of the other. The authors have investigated what takes place during 
tlie process. 

The experiments were generally performed as follows 72 cubic 
centimetres of an aqueous solution of the salt of known strength, 
and at 12^ Centigrade, were placed in a tall glass ; a perfectly clean 
plate of metal of 3230 square millimetres was weighed and placed 
vertically in tlt!^ ^olntiou without reaching either to the top or bot- 
tom ; the ucUoii wa^ ;:1 lowed to proceed auietly for ten minutes, when 
the plate was removed, and the depositeu metal was washed off. The 
loss of weight gave the amount of metal dissolved, and represented 
the chemiMl action. 

The moat complete series of results was with copper and nitrate of 
silTcr. 
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• Phil. Trans. 1808, p. 55r>; and Proc. Roy. Soo. Tol, rn. p. 390. 
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In tlic earlier term? of this scrir?:, firtre ihc perrenfac/e of silver' 
talt (fives three times the chemical action. The niatbeiuati«al expres* 

aion of thii Uw is e^Cp^''^ ^ e bong tbe clieimcal action, C the 
constant, and p the proportionate quantity of salt* The elose 
agreement of the obseryed numbers with those calculated on this 

8nppo«?ition as far as the 9tli term is shown in the f^tli and 6th 
columns. The law then hrcaks down, and after about 7 per cent, 
the increased action is almost in direct ratio with the increased 
strengtli. 

The positi<m of the plate in the solution was found to make no 
difference to this SI : 3 law. 

Sinular series of experiments were made ^\ ith zinc and chloride of 
copper, zinc and sulphate of copper, zinc and nitrate of lead, iron and 

sulphate of copper, and other combinations ; and in every instance 
where (he solution was weak and th? action simple, the law of three 
times the chemical change for twice the strength was found to held 
good. 

It was proved that the breaking down of the law at about 3*5 per 
cent, of salt in solution was irrespective of the quantity of the liquid, 

or of tbe time for which the plate was exposed. With 72 cub. 
rentin-!?, of a 1 "41 -per-ccnt. solution of nitrate of silver tlie rate of 
action remained sensiljlv the same for as loni; as tweutv-fivc niinntcj*. 
uotwithstandins: the coTistant deposition of ."-ilver. This apparently 
paradoxical result is due to fresh relays of the original solution 
oeing brought up to the plate hj the currents produced, and that 
period of time elapsing before an^ of the products of decomposition 
are brought back again in their circuit. 

When it was perceived that within easily ascertainable limits the 
chemical action is the same for similar con?(Tnti\c periods of time, 
experiments were made in far weaker solutions. It was only neces- 
sary to lengthen the time of exposure. It was thus fouiid that the 
law of three times the chemical action for twice the strength of so- 
lotion holds good through at least eleven terms of the powers of 2 ; 
in fact, from a solution that could dissolve one gramme of copper 
during the hour, to a solution that dissolved only 0*000001 gramme* 
a million times less. 

The manner in which the silver is deposited on a copper plate was 
csammed, and the curreiits produced ware studied. At 6rst a light- 
blue current is perceived flowing upwards from the surface of the 
plate ; presently u deep-blue current pours downwards; and these 
two currents in opposite directions continue to form simultaneously. 
A similar phenomenon was observed in every case where a metallic sut 
attacked a plate of another m.etul. The downward current was found 
to be a solution of ahnost pure nitrate of co]>pt r, rniUr iir'n-^ about 
three times as much NO, a?^ the oric^inal ?-i^t.:i soiuiiuu, wiiile the 
upward current was a diluted suiuUuu of the mixed nitrates. 
Moreover the heavy current took Its rise hi the entangled maia 
of crystals right against the plate, while the light current flowed firom 
tbe tops of uie crystalline branches. It was evident that when the 

Q2 



Digitized by Google 



228 



Geoloffieal Society: 



fresh silver was deposited on these branches, and the fresh coppfr 
taken up Crom the plate, there was not merely a tranaference m iIm 
nitric element from one combination to mother^ but an actual mole- 
enlar moTement of it towarda tbe copper plate, producing an accu- 
mulation of nitrate of copper there, and a corresponding loss of salt 
in the liquid that was drawn \\-ithin the inflocncc of the branching 
crystals. ITcncp flic opposite currents. 

The amount vl action in a circuit of two meUUs aud a saline 80» 
lutiou must have as one of its regulating conditions the conducting- 
power of that aolntioo. It appeared bj experiment that a ctrong 
aolntion of nitrate of silver oners less resistance than a weak one; 
and it was also fonnd, on adding nitrate of potassium to the nitrate 
of silver, that Its power of attarkinp: the copper plate was increased, 
that tlie nujrmciitatiou of the forrij^u salt increased the action still 
further, and that the 2 : 3 law holds good between two solutions iii 
which both the silver and potassium salt are doubled, though it does 
not hold ROod if the quantity of foreign salt be kept eonatant. Si- 
milar residts were obtained with mixed nitrates of silver and copper. 

While these later experiments offer an explanation of the fact 
that n solution of double the strength produces more than double 
the chemical action, thcv do not explain whv it should produce exactly 
three times the ctfcct, or why the rnfio should be the same in all 
subslitutiouii of thi:i nature hitheiiu tiit-d. The simplicity- and wide 
lange of the 2 : 3 law leem to indicate that it is a Tery pmnary one 
in cnemical dynamics, 

GEOLOGICAL SOCIETY. 
[Continued from p. 15G.] 
Maroh 8, 1871. — Joseph Trcstwich, Esq., iMtS., President, 

in the Chair, 
. The following oommunicatiou was read i^-^ 

On the Bed Bocks of England of older date than fhc Tiias.'* Bjr 
Prof. A. C. Ramsay, LL.D., F.R.S., V.P.G.S. 

The author stated that the red colour of the Triaaaio bods is duo to 
peroxide of iron, which incrusts the sedimentary g^rnins n«? a thin 
peUiclo. This could not have hern deposited in an open sc.i, but 
rather in an inland salt lake or lakes. The peroxide of iron, which 
•tains the Permian, Old lied Sandstone and Cambrian rocks, is be-> 
liered by tho anther to haiio been deposited in the some maimer^ in 
inland waters, salt or fresh. 

Agreeing with Mr. (lodwln^Austen, tlio Old Red Sandstone waa 
of Lar ustrinc orij>in. Tho absence of marine shells helps to this con- 
clusion. The llsh do not contradict it: for some of their neareat 
living conp^cners live in Africaii and Amciiean riverf. 

Tlie life oi tho Upper Silurian dejiosits of Wak« and the adjoin ing 
diatticts continued in full force up to tho pa&sago-beds which mark 
ihe change from Silnrian to Old Red Sandstone. In these traiMitioil 
atratay genera, species, and individuals are often few, and dwarfed 
in form. Near Ludlow and ilay Hill tho uppermost Silurian stftftA 
contain seeds and fragmonta of land-]ilants, indicatin"; the neighbour- 
hood of loud^ and tho poverty of jiumbors and tho small size of the 
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shells a chani^e m the condition of thn w aters. Tlio fi-sli of the Old 
Ked Saudfltono also indicate a chaogc of couditioa of a geographical 
kind. 

The cinmmfltoaeea whiek marked the passage of Silurian into 
Ited Sandstone were as foUowa : — ^First, shaUowuBg ^ the aea, so 
'that the area changed into firesh and hracldah lagoons, afterwards 
oonTerted into great freshwater lakes. At the present day marine 
Bpccit" are oecasionalljr found livin;^ in fresh water, as for example 
in the fewedish lukcs. The same may have been p r^rtly the case in the 
Old Ked Sandstone period. Tho Old Ked Sand>iunc Avators at their 
beginuiug are oomparable^to tho lilack Sea, now steadily freshening— 
or the Caspian, once united to the Korth Sea, if by a change of 
aaoimi of rainfdl and evaporation it freshened by degrees, and 
£aally became a freshwater lake. 

Tlie Penman strata, to a grcat extent, consist of red snndstonee 
and mark in the pjreater part of Enj^land ; and the ^fagncsian Lime- 
btouo of the north of Enj^land is also in less d(\'^ree associated with 
red marls. These do not occur in the same districts of England, 
excepting in Lancaahire, where a few beds of Hagaesian limestone 
are interatratified with tiie marls. The sandstones and marls being 
•red, the colouring-matter is considered to be due to peroxide of iron, 
poHsibly precipitated from oarbonato of iron, introduced in sohition 
int« the watfT=!. 

Laud-plants are found in some of the Permian beds, showing tho 
neighbourhood of laud. Xo mollusca are found in most of the red 
beds, except a brachiopod iu Warwickshire, and a few other genera 
in Lancashire, in maris associated with thin bands of Magncsian 
limestone. 

The traces of amphibians are like those found iu the Keuper Sand- 
stone, yii. Dastjc^ps Bucklandi, and Labyrinthodont footi)rints in 
the Vale of Eden and at Corncockh^ "Moor, printed on damp surfaces, 
dried in the sun, aud afterwards tloDclcd in a wav common iu salt 
lakes. I'bcudomorphoua cr^'btuls of »ait and gypsum help to this 
condnsion. 

Tho mollnsooxiB fauna of Lancashire, small in number, in this 

respect resembles tiie fauna of the Caspian Sea. Tho fauna of tho 
Hagnesian Limestone of tho cast of England is more numerous, 

conij)r!sinp^ tliirtv-fivc genera nrd ^'cventy-'^ix ppecies, but wonder- 
i\i]]y rcstrieted when coyn]':irc(l -svith the Cirboiiif' mn? fauna. Tho 
specimens are generally (l\v;u fr(l in aspect, and iu their poverty 
may bo comparetl to the Caspian fauna of the proscut day. Some 
of theflsh of the Marl^late have strong afHnities to carboniferous 
geoera, which may be supposed to hare lived in shallow Ingoons, 
bordered by peaty flats ; and the re])tiles lately described by Messrs. 
Howsc and Hancock have terrestrial affinities. 

}ie«idcs the poorness of the Mollusca, the i[a|>uesiau Limestone 
seems to afford other hint?=« that it was deposited in an inland salt 
lake subject to evaporation, (iypsum is common in the intcrstra- 
tified marls. In the open sea limestone is only formed by organic 
agency ; Ibr lime, in solution, only exists in small quantities in snch 
a balk of water ; but in inland salt lakes carbonates of lime and 
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magaeata might have heen deposited slmultaiieoiialy ])y coneente* 
tion of solutions, due to evaporation. Some of the 3Xagnosian-Iimo- 
atone strata liavo ohnoet a tufuedda or atalagmitio a^ect, aa if de« 

posited from solution. 

The C'aiiihriaa strata also show some evidence of not being tnio 
marine (lo])o?iit8. They j)urplo or red, like the other strata pre- 
viously i>[H>kc'U uf ; aud iho burfuccs of Lho hcdb sometimes exhibit 
lun-eracbi and nun-pittinga. The triktlnte iW(Eo/>^</e Itamtayi ia 
oonaidered by the author to he an accidental maAing, aimnlating 
the form of u trilobite ; and the fo>sils of St. David^a are found io 
grey beds, wliich may mark oooaaiouaL iuHoxoa of the aea^ due to 
oscillation?? of level. 

Tlic foriT^oinp: ren=;oninj;f . in the auihor'tt opinion, lead to the con- 
clusion thai ill the noithci u hcmisphero a continoutiil area existed, 
more or loss, from tho close of the iSilurian to the end of the Triassic 
epoch, and that this geographical continuity of land implioa probahle 
continuity of continental genera. 

Th» re is therefore no palteontological reason why 'the Hyptro- 
dapcilony Tehrpiton, and Stuijoiiohjtis of tlio Elgin country ^hr.uld 
be considered of Triassic age, e8i)eciidly as the bfds in whitli ihey 
occur arc .stralij::r.iplii( ;illY inseparable from tho Uld lU-d feiindatone. 

rinuHy, loncbliiid and mariiio Emopeun epochs wore rapidly 
roTiewcd. 

1. Tho Camhrian epoch was probably fireahwator. 

2. The Old Ked iSandBtono, Carboniferous, Pormian, and Tliaa 
HFcre formed durinpf one long continental epoch. 

Thi.s was broii,ii:ht to an end by partial Rubmerji^^ncc during- the 
Jurnssic epoch; and by deijroes a new eoutinentai ana arnse, 
drained by lho great continental rivei*s of the rurbeck and NVeaidca 
scries, as shown in various parts of Europe. 

3. Thia continent waa almost entirely swallowed np in the Upx^cr 
Cretaceona aeaa. 

4. iiy Bubsoquont elevation tho Eocene lands were formed ; and 

with thi=^ continent tht ro camo m a new terrestrial fauna. Most 
of the iioithern half of Kiiropo since then has boon contiucutalf and 
its ten i '-triid fauna esseuliidiy of modern t}iie. 

If, uceording to ordinary- methods wo were to ckssify tlio old 
terreatrial &unaa of Korth America, Europe, Asia, and probably of 
AfHca, a palaozoie epoch would extend fh>m Old Bed Sandstone to 
Wealden times, and a \i )/ )ic epoch at least from the Eocene period 
to tho present day. Tlio Upper Cretaceous stmt i would at present 
reninin nnrliNsificd. Tho nifirine ♦•pooh would ;ilso temporarily bo 
diviilrd into iwo, Pfdan/uic fruui L.mrentfhn to the eIo>.e of tlu' 
Permian timen ; and all besides, dow n to the present day, wuuid farm 
a Neozoic series. The generic ga|ws between the two begin already 
to bo filled up. The terrestrial and the marine series at their edgea 
at present overlap each other. 

The great lifo-gapa between tho two terrestrial periods may some 
day bo tilled up by tho discovery of the traces of old continents 
contniniug intcrmodiato dcvolopments of structure as yet undis- 
covered. 
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. ICaroh 22.-^Fra& John MorziB, Yioe-Preaidenty in the Chair. 

■ The following; commanications wore road 

1. "On the * Passage-beds* in the neighbourhood of Woolhope, 
Herefordshire, and on the discovery of a new species of EurypteruSt 
and some new Loud-plants in them." By the Kev. P. Ji. Brodio, 
M.A., F.G.S. 

The author described as the " passage-beds " between the Silu- 
rian and Old Bed Sandstone formationB near WooUiopc, a Berien of 
shales and sandstones, which at Perton attain a thickness of abont 
17 feet. Here the section inolodes, in desceiHling order : — 1. Tliin- 
bcddcd sandstones ; 2. Dark brownish shales ; 3. Yellow Sand- 
stone ; 4. Olivp shnlos ; 5. Thin-bedded sandstone ; 0. Olive shales, 
similar to tio. 4. At some locnlitioa vegetable reraainf< ( Lyrojyodites, 
and pcrhups Psilophtjtoa) occur in the olive shales, which also con- 
tain several Grastecean fosnls, ineludiug Piertjgotm Banktii and a 
Hew species of EarypUnu, named bj Mr. Woodward S, Brodiei, 
Upon this species Woodward preeentod a note snpplemeatuy to 
Mr. Brodie's paper. 

2. " On the Cliff-sections of the Tertiary Bods w. st of DI. ppc in 
Xormandy and at Newhaven in Siusez." By William Whitokor, 
Ksq., TJ.A., F.G.S. 

Tlie author tjave details of the sc^etioiiri of the Tertinry bofl<? at 
the above places, and noticed the occurreace of Londuu clay, liulow > 
this formation, at Dieppe, is a mass of sand, the same as that of the 
**01dhaTen beds "in East Kent, but here loss markelly divided 
(torn the olay above ; end beneath this sand come the estnarino 
shelly elay8» ideo. of the Woolwich beds. 

In the older accounts of the Newhaven section a much lo<?s tlil( k- 
ness of the Tertiary ]n-'h is chronicled than may now be seen ; indeed 
till-' buccc.'ssivc desdipuoas end upwards with higher and higher 
Wdd, uwiag 10 the destruction of tlie cua&t aad the wcai'ing-back of 
the oliff into higher ground, the highest point seeming to have been 
at last leaohed. 

Here the Oldhavcn sand is absent, hnt the Woolwich olays are in 
greater fdvoe; and the ditch of the new fort shows sonic very irro- 
gnlar ma«»soH of gravel, more or less wt djred into tlioso chiys. 

Both sectiuas sliow tin- comparatively wide extent of like condi- 
tions to those of the Woolwich bud.s of West Kent. 

3. On New Tree Ferns and other Fossils Irom the Devonian." 
By Prof. J. W. Dawson, LL.D., F.R.S., F.O.S. 

The author referred to the numerous species of terns known in the 
Upper and Middle Devonian of America, and to the fact that ho hud 
deaoribed serersl large petioles as probably belonging to arboroscent 
species, and also two trunks coven^ witli ai>rial roots, viz. Psaroniut 
erianus and P. tea^ilis. He also referred to Oautopteris FlMehii of 
Salter as the only trcc-fcrn known in the Devonian of Europe. 

He then described roamias of four species of tree-ferns in colloc- 
tions coiamunicated to him by Dr. Newberry of New York. The 
first of these, Caulopkris Lodnvoodi, was found by the Rev. Mr. Lock- 
Wood* at Oilboa, the locality of the Psaronitos already mentioned. 
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itt rockf of the Cbemuiig group. It » a fragment of a wdl-oliame* 
torixed stem, with part8 of five petioles attached to it, and asso- 
ciated with remains of the leaves. It mu<>t hare been entombed in 

an croct pfx^iition, and is not improbably llio upper part of one of 
the species of rMironi'is from the Fame locality. 

The second Fptcies, Caidopft rU anfi<iini, Newberry, is ui uiuch 
larger size, but let>d perfectly preserved. It in u duttc-ued btem ou a 
slab of marine limestone from the Coniiferoiu fbmiatioii in the lower 
pert of the lliddle Beronian (Brian) of Ohio. 

The third speoies, ProtopUrw penffrtna, Newberry, is from tlie 
same formation with the last, aud coustitutes the first instance of 
the occurrence of the genus to which it bclonprs, l-clow the Crirboni- 
ferons. The specimens show tlie form and luraiigemcnt of the leaf- 
scars, tlie microscopic structure of the petioles, and also the arraugo- 
ment of the aerial roots covering the lower part of the stem. 
. The fourth species is a gigantic Ehathiopteris, or leaf-stalk, evi- 
dently beloDgbg to a species quite distinct from either of the abore^ 
and showing its minute structure. It is no less than four inches 
wiflf •\{ th»' hiisc. In the cellular tissue of this petiole are rounded 
^raitiH similar to tho8e rejrardcd by Cnrda and Carrutheis, in Carbo- 
niferous and Eocene sjx c iuieiis, as slurch-grauules. 

lu addition to ihebc species, tlio paper described a new Ilioeg^ 
^ rathia (iV. (j{lhoenti$), and noticed a rcmaricable specimen from 
' Caithness, in tho collection of Prof. Wyrillo Thomson, throwing 
light on tho problematical LifCf>po(Utfs Vami.remii of America ; 
also interesting spenmons of Psilnphjffon and other genera SCon by 
the writer in the collection of Air. Peach of Edinburgh. 

XXYIXI. ItUciliffence ami MisceUamoui Articles* 

ON TDK VELOCITY OV FROFAOATION OH BLBCTftODYNAlllC 

EFFECTS. BY DK. nBLUHoLTZ. 
Ti/TANV investigators have recently been occupied with the question, 

how nre clt clrodynamic cfleets produced at a distance, — whether 
(accoiding to W. Weber) by forces of the moved electric jmitlclts 
themselves operating iuuucdiuteiy on the lii^luut point, but 'ulncli 
depend on the velocities and accelerations of these particles in the 
direction of the line joining them, or (according to C. Neumann, 
jun.) by forces which diffuse tiiemselves through space with a finite 
velocity- -or whether (according to Faraday and Maxwell) tljey are 
occasioned only mediately, by a variation in the medium which filJ? 
rpace. It is indcul a rjuestion of prime imjiortance for tiie founcin- 
tions of ])hyfricul science. Accoiding to the two lairt-iiteutioned 
views the distant eleetrodynamie effects of electric currents will not 
be produced instantaneously, but the impulse to them will be proim* 
gated through space with a finite velocity. In the theories of Neu- 
mann and Maxwell (his velocity is supposed, from eleetrodynamie 
measurements, to be nearly equal to that of light. Neverthek>s the 
disfUf-^inn laftly published by me*, of elcctrudynamic thcorlc?, 
6ho\\tAl tliat, acLujdiug to wliat is accepted rci^pccting the cujjubility 

* Jcumal/iii- leiut ttnd «»yeit?. Mathmatik, vol. Ixiii. Bcrliiu 
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of the uir for m;u::iclic and dldcctric polarization, otlicr values' of 
this velocity of piuj)a5ution will ai^rcc with the rc»t of the facts. 

Meanwhile a long series of experiments have uow been published 
hf P. filasenia*, from which he coneivdes that the propagation, at 
least of the mducing effects of eleetrical ennents, in Uie air proceede 
with a very moderate velocity. According to his experiments with 
induction-dischari^cs from open circuits (which he considers the most 
rrliable), this velocity iu air amounts to only 560 ractres, in gum-iac 
to not more than 330 metre", and is consequently, in the latter rn-e, 
about ec^ual to the velocity of sound ia air. From c:^pcximcuU 
with a dosed indndioii circuit he deduced much smaller velocities ; 
jtt he has himself acknowledged that the reaction of the induced 
open the inducing spiral made the interpretation of the result of his 
experiments doubtful. 

It is to be remarked that in these experiments the distances be- 
tween the inducing and the induced spiral were very small, varying 
bctwccu i und 3 centims. ; besides, the two spirals were wound flat. 
The time eonespondiog to the jiropagation through the interval of 
d eentims. amounted, tn the experiments with open induction* to 
only Ysiw ^ second. Neglecting the irregularities occasioned 
in delicate measurements of time, by the contact between solid me- 
tnU hc'ina; always broken hy sncct s^ive leap?, it appeared to rac 
doul tiul i>\ Kether such minute ditterences of time might not be con- 
ditiouui ou the variable duration of the spark at the place of inter* 
mption of the inducing current. In my experiments hereinafter 
described. I convinced myself that, even in much more unfavourable 
conditioos than were present in M. Blase rna's experiments, the in- 
tctmption- spark may have a duration of x^ioo ^ second ; MM. 
Lucas and Cazin recently found ^i^J^j-o for larger electrical batteries 
with 2*292 mlUims. strikinj;- distance, 7-5^7, ,, with 5 millims. striking- 
distance t> While M. Blaserua employed several Bunsen's elements 
for the production of the current, 1 used only one Daniell's element ; 
nod while his spirals contained close-pressed coils of wire, mine bad 
a very large periphery and few coils, and was therefore much less 
calculated to produce a strong extra-current ; and yet the duration 
of the spark reached the quantity stated. Now, when we consider 
that, as is weli known, the a])proach of a second spiral, in wliich :\n 
induction-current is jiroduced, .«t ri(>n=ly dimiuiihcs the iatcni^iiy of 
the spark, because the induced cuiiLut counteracts the inducing, 
and that M. Blasema's spirals were always proportionally very near 
each other, the doubt occurs whether the longer duration of the 
spark did not produce an apparent retardation of the operation with 
a greater distance of the sjjirals. 

As I had for a lonir time been occnpicd with experiments on the 
courfcc of tlertric cum iit'^ i f verv sl.oiL iluration, and had had appa- 
ratus manuiactuicd lur tins purpose, it seemed to me before all things 
aeeesiary to prove whether the velocity of propagation of electrody- 
namic elfects has really so low a value as M. Bhisema has concluded. 

• Giomale di Science Xaturale cd Kconomiche^ vol. vi. 1870. i^niermo. 
\ M. J. Bemsteia, in a clois>eoiled spiral of line wife, rtlv^ (l^oggea- 
dorlTs AfiMfdm, vol. cxlii. p, 65)« 
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TKw experiments I have hitherto carried oat refer to the propagatidii 
through air only. The very note-worthy influence of dcotrio inra- 
lators shown in the Italian pbyaicist's experiments required still 

further stud v. Thnt rilso in insulator;^ clcrtrlciil movements of very 
hricf duration occut v, hicli in some circumstances may well operatt; 
inductively on tlieir vu inity. similarly to the excitement of magQeti^oi 
in iron, appears very probable from the iulluence which such media 
have as dielectrics* For the time I did not proseente this part of die 
inquiry. The interruption-apparatos used by me for the oondaetiaa 
of the currents consisted of a heavy and solid iron pendulum, the 
support of which w as k t into the wall, and which was always let fall 
from the same heiL;ht. At the lower end it had two projections 
overlaid with plates of n:x!ite, which at the moment when the pen- 
dulum passed through tlie pusitioii of equilibrium struck the steel 
ends of two light little levers, by the motion of which two carreot- 
eondttctions were intemipted. One of these Urtn rested on a fixed 
support, the other on a dUde which could be shifted by means of a 
micrometer- screw, so that the stroke on this moveable lever resulted, 
bv any small period chosen, now sooner, now later thnn that on the 
other. The interval of time was calculated from the micromctrically 
measured displacement of the striking-point and from the velocitv of 
the fall of the pendulum : the latter was calculated from the time aud 
arc of osdllatioii of the pendulum. A division-mark on the head of 
the nicrometer-serew corresponded to ^iriVnr ^ ^ second. Widi 
present arrangementa it would have been useless to take more accu- 
rate reading", on account of the inequality of duration of the spark. 

As it was important to iiavc the distances between the si>irals as 
great as possible, I ^ave to them the forni of rirv^s of about 80 ccn- 
tim». diameter. The inducing spiral had only 1^^ lurui^ of copper 
wire 1 miUim. thick,* covered with ^ milUro. thickness of gutta 
pereha. The induced spual, on the contrary, had 560 toms of cop- 
per wire, spun round with silk, of ^ millim. diameter. This ^iral 
could be plarrd nt n distance of 170 1 1 ntims. from the inducing one 
without the iiidiii iii^c cllect ceasing to be evident, lint even the 
nearest distance to which the two coils were brouirlit amounted etiii 
to 34 ccntims., in order to make the reacUun uf liic uiuuccd on the in- 
dttdng current imperceptibly small-^which, soiar as could be judged 
by time-measuring experiments, was accomplished. 

In the experiments the followingwas the arrangement adopted:-*- 
The circuit of the Inducing; current contained a Daniell's element, 
tlic smaller sj>iral, and the fust-struck jdacc of interruption. By the 
htrokc the curri iit w a* stojjped ; and its interruption operated indu- 
cingly ou the uloue rciumning second circuit. This was not perfectly 
dosed, but its ends led to a condenser (after Kohlrausch) with two 
gilt metal disks, which were brought to g millim. distance from one 
another. Thb circuit consisted of the larger wire spiral, one end of 
which was connected immediately with the fixed j)late of the con- 
denser, in connnunieatiou with the earth. The other end commu- 
nicated, through the sicund iiitcrruption-lcver, with the in^ulnted 
moveable plate oi the condenser. The electricity put ia motion by 
induction thus flowed into the condenser up to the moment wLcu 
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the second intrrru])tioa-place was struck. Thenceforth the move- 
able piacu ui the coodenscr was in8u]ated« and retained the charge it 
had received. 

Ito qaantity and kind were then measured by an electrometer con- 
fltmcted on Sir W» Thomson's principle, after removing the plates of 
the condenser one from the other. 

The process wliicli was thus submitted to ohservation is therefore 
the scries of electrical oscillations remaining, after the interruption 
of the primary current, in the Induced spiral connected with the 
cuudcnscr. Since the&e osciUutiuns proceed from uue plate of the 
eondcDser to the otiier in an unbroken condnctioa without any issue 
of sparks, they pass much more regularly and are much more nume* 
nrat than those observed in the connecting arcs of Leydcn batteries. 
The length of my micrometer permitted the reading-otF of 35 posi- 
tive and t!ie same imndjcr of negative pha?cs when the distance 
between the bpirals was 34 centini*. The time of an entire o«ciila- 
tioa (positive and negative together) amouuted to -^z^yx of a second; 
the total duration of the 35 oscillations observed was therefore ^'^ of 
a second ; and when I was obliged to break oiF the observations, the 
oscillations were still by no means so feeble that, with a greater play 
of Uie. micrometer, a long series of them could not have been 
observed. 

The result of experiments in which I varied the distance of the 
COndenser-plutes, and consequently tiie electric eaj)ucity of the con- 
denser, was, that the duration of the oscillations wa^ hut very little 
affected by the capacity of the condenser. I have, in a previous 
oommunieation*, pointed out that even a dose^wound spiral itself 
operates as a condenser, since the turns at one end become charged 
positively, and those at the other end negatively, and are only sepa- 
rated from tliC le«<s strongly charged positive or negative layers in 
their vicinity by the very thin in^ulatino; layers of silk ; hence an 
electric coating uecumuiated ou both sided of the iubuluUiig layer. 
6inee the lessening of the capacity of the condenser has so little in- 
fluence on the duration of the oscillation, it follows that the conden- 
satory capacity of the spiral must have considerably exceeded that of 
the condenser. 

In order to discover the possible retardation of the distant effect, 
it wum necessary to discover a conspicuous point in the course of the 
electric oscillations that could be very sharply determined. The first 
moment of the commencement was unsuitable, since, u])parently, the 
current commences with a velocity rising from zero, and this only 
gradually Increases ; hence the strength of the current at first in- 
creases, at the most, proportionally to the square of the time. The 
reason of this is to be souirbt in the fact that the primary current 
also, during the time of the spark, vanishes only i^radually, and 
hence the induced electromotive force in the secondary circuit is by 
no means suddenly developed there in perfection, but itself first 

* Ver/inndlun^en des naturh.med. Vereins 2 h Ihideiberff, Apri\ 20 ^ \869. 
la the earlier ubservatiuus, with the aid of tlie currcut-tcstiug lej; of a 
frog^ I had verified as many as 45 osdUations, the total duration or which 
amounted to ^^oi: second. 
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grows cootiDttously. But in our cate the doratioii of the speik ii 
eboat eqnal to the tenth part of the whole period of an oicilUtioa. 

and therefore hy no means inconsiderahle Its average length ia 
determined by comparing the time between tlic btroke of the pendulum 
AvhicL breaks theprimary conduction and Llic first zcro-jjulntof the cur- 
rent, with the time between the sucoc?!:^ivc zt ro-j)oints. The former 
is longer, because^ besides the period of half aa o&ciUatioQ, it com- 
prlaes also the duration of the spark; and the amountof this canhe 
appnoimatelf found by means of such a comparison. 

On the other hand, the successive zero-points of the current can 
be very shar])ly determined, even with the more distant position of 
the secondary splrnl. A?, even with such feeble electromotive 
forces aud spirals of so few turns as I used in the j)rimary circuit, 
the duration uf the bpaik is never cunstuut (the reason of wliich L> 
probably to be sought in the tbronring-off of platinum particles by the 
sparks), the deflections about the diTiaion-mark corresponding to 
zero are* even with a good arrangement of the ai>))aratus» sometimes 
positive, sometimes nei^utive; on the contmry, at the preceding and 
succeeding divisions they are either exclusively or preponderantly in 
one definite direction. 

Witii the arrangement described, at which I had arrived after 
many trials, it was shown that the greater distance of the two spirals 
(136 ceniims*) did not alter the situation of (he serO'pomt of the tadSaraf 
Carrent by one division of the micrometer~^that is to say, ^JitiVt? 
a second. If, then, the inducing efccts are uctuxUy propagitedf/nth a 
definable velocity^ this must be greater than 31 \ metres, or about 
42'4 geugraphicu/ miles [nhout If).*) 15riti-h stidute miles] in a second, 

I have hit upon preparations for a fuither refinement of these 
mcusuiements. How far this can be carried, will, it appears to me, 
depend chiefly on how far the s|)ark at the place of interruption can 
be reduced when a very small resistance and very small elcctroototive 
force arc given to the primary circuit, and when the turns of wire 
forming it are removed as far as possible from one another. — Jlb- 
nalsber. d, KUn, Freuss, Akad. Brrlin, May 1671, pp. 2S2-2yS. 



UN A NATIVK SULPIIinK OF ANTIMONY FUOAl NEW ZEALAND. BY 
M. M. rATTI>ON MLllt, I'.C.S., STUDKNT IN THE LABORA-TUJiY 

Ol' THE AM)i:iiSONIAN I N H l^iiSlTV, GLASGUWf . 

In the gold mints at the Tliames (New Zealand) there are found 
tolerably large quantities of grey antimony ore or stibnite. associated 
with the quartz and other rocka of the older series from which gold 
ia extracted. The analysis of a sample of this stibnite* which I ob- 
tained about a year ago, I have now the honour to lay before the 
Association. 

* The relatively slowdecresse of iuteuMty of the primary cm-rent durii^ 
the sjiark is nlso evidently \hr reason that, as I prrviouslv roiiiul, in an in- 
duced spiral with more than 7(*UU clecine oscillulions m a secoud the latter 
iiuved out so feeble : the interruption is then not sulBeiently sudden for 
the brief duration of the osrilUtion. 

t Communicated by Prof. T. E. Thorpe, linvin^^ be^n read at the Meet- 
ing of the UhU«U Association held at EdmburgU, August It^Jl. 
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The tunple had the appearance of a large mass of ateeUgrey 
ciystals, xadtftting chiefly from a central point ; some of the crystals 
being fully an inch in lenc,'t]i, and ?renerally very perfectly formed. 
The crystals were prlsm-^ Ijclonging to the trimetric sydtcm, soft, 
and easily cut with the kiiue, in the direction parallel to the prin- 
cipal axis, showing wlien cut a brilliant metallic lustre. 

Adhering to the crystals was a small amount of gangue, composed 
seemingly of silieeons matter. 

For the purpose of analysis, a large crystal was hroken off per- 
ft-rt!v free from any foreij^n matter. The specific £^rnvity of the 
crystals =:4'C2d. The following are the results of the analysis 

Antimony 7 TOO 

Iron 0-24 

Arsenic traces 

Sulphur 2847 



ON iUK REVLltSAL OF Tlli: LINES OF THE SPKCTUA OF METALLIC 

VAI OT R'^. BY M. A. CORXU. 

• In studying the spcctium of the spark of magnesium, which 

serves me as a monochromatic light for photographing the coloured 
ring8*f I have heen led to a series of ol»ervattons which appear to 
have some interest in respect of tlie study of the solar spectrum. 

My purpose was to photograph the line, in the spectrum of the 
mnEjncsium-spnrk, which produces by itself alone the greater portion 
of the photogenic energy. This line is triplet ; it is situated beyond 
the violet, between H and L, but very near the latter ; it is the re- 
petition (so to say, the sharp harmonic) of the line b of the Tisible 
spectrum, the wave-lengths being nearly in the ratio of 3 to 4. 

The experiment had succeeded a great number of times ; never* 
theless 1 was desirous of repeating a series of measurements of refran- 
gibility and wave-lengths with a more powerful pile and a very 
effective induction-apparatus J. 

To my great surprise, the spark, really prodigious, produced 
scarcely any photographic impression, relatively to what I had ex- 
•peeted to obtain ; it was also necessary to prolong the time of expo- 
sure to two minutes, it having been estimated, from the strength of 
the spark, at two or three seconds. The examination of the plate 
rovealed nn unexpected )>henomcnon : instead of the usual three 
there were five; tiie two least rerraiip;i!)lc were distinctly 
doubled ; yet the lines were very broad, and their exterior contours 
ill defined. My first idea was to suppose an error in fixing the po- 
sition of the apparatus {miaeau point); but on substituting iron elee* 

* Compies Rendns, 1B69, vol. Ixix. p. 333 : " Kathode ontique pour 
l*Ande de la defonn.ition de la surface cxtt'rieure dcs solides elattiqucs.'* 

t Cnmptcs Jlcndus, i8(>9, vol. Isix. p. 33? I *' Sur les spectres ultra- 
violet*," by M. Mascart. 

S A large iiuluction-coil, fed by a pile of 16 Bunsen couples arranged as 
8 elements with -double surface; condenser spherical, of 40 centims. dia- 
nii tcr : electrodes of magnesium^ coosbting of tiro pieees of metal of 10 
milUiui, thickness* 
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tiodei for tbe magnesium onetf the lines of tlie iron^spectnim (espe- 
dally the one lituated between the two doubled magoeatttm-liiiee) 
photographed themselves with perfect distinctness . there was there* 

fore no error on this side. 

I then concluded that the doubling of the lines was a true reversal— ^ 
the analogue, in tlie invisible portion of the spectrum, of the reversal 
of the line D, obtained by Ai. 1 izeau on placing between the two 
carbon points of the electric lamp a fragment of sodium. 

No hesitation would have been possible if the three lines had been 
doubled simultaneously; but it seemed strange that one of them 
should esoipe this modification. I successively took twenty-two 
plates; and in none did the most rcfranphle line nppear doubled. 

I then recollected an observation of Father J^ecchi oa the spec- 
trum-analysis of a solar spot (May IbGii) ^, in which the able astro- 
nomer relates his having witnessed the reversal of one only (the 
least refrangible) of the three magnesium-lines which constitute 
This near resemblance induced me to persevere; and I was fortu- 
nate enough to produce at will, on the same plate, the reversed or 
the normal line?. One can even compare the pn«^ition« of the normal 
and the reversed lines, just as the spectrum of an nrtiticlal ligiit is 
compared with that of the sun. It is only necessary to cause the 
spark of a powerful induction-apparatus to is8ue between the mag- 
nesium electrodes, covering one half of the slit of the spectroscope, 
then the spark frcnn a very feeble apparatus fi prolonged a sufficient 
time, and to cover the other half of the slit. The exact coincidence of 
the normal and reversed lines is easily ascertained. 

The reversal in the ultra-violet portion being beyond doubt, it was 
necessary to obtain it also in the vi«lble region of the sppctrnm. 
The spark ui the large iuductiou-coii, even with 24 couples arranged 
as 12 with a double surface, produced no effiect on the magnesium- 
line h'\ but the experiment succeeded easily with the voltaic arc of a 
pile of 50 couples. It can be effected thus : — For the positive pole a 
disk of carbon 6-8 centims. in diameter is taken, in which are sunk 
little capsules ; in each of these is placed a frap^ment of metal ; then 
the negative carbon is lowered, and then rais* (1 us soon as the s|:mrk 
has issued, so as to obtain an arcot 4 or 5 nuiiims. With the aid of 
a lens the image of the are is projected on the slit of tlie spectroscope. 
In the case of magnesium the triple line h appears bright and dean: 
it is to be placed etiuily im position. Then the upper carbon is 
lowered by degrees ; the lines widen, become blurred, and very soon 
a very fine black line appears on the least refrangible; if the ap- 
proximation of the carbons be continued, the second and at last the 
third line will be reversed. Here, then, is tiie veritication of the 
phenomenon observed jihotographically, and the urtihcial reproduc- 
tion, although in the o] j)osite direction, of that described by Father 
Secchi, 

* CompteM Rmdut, vol. Ixviii. p. 1243. The author adds that the line 

C '^nppcared souk times doubled ; but," he says, *' I nttribtitc this pecu- 
liarity U) the movement of the terrestrial atmosphere.'' May not this also 
have been a true reversal ? 

t A medium indnction-coil> 3 or 4 coupler, and a nngte Leyden jar of 
about a Utre capacity. 



UiQiiized by Google 



Intelligence and Miscellaneous Articles, 



239 



It is remarkable that all the lines of the ':]>octnim arc notrevenjed 
simultaneously. Thus the very bright violet line situated nearly in 
the centre of the space between the two triple lines shows no trace 
of reversal, la un early cuininunicatioii 1 will describe another series 
of experimentf, which tend to dassthe lines of one spectntm in dif- 
ferent categories. It will he sufficient for me here to say that the 
only Hoes f ha^e succeeded in reversing belong to the light enutted 
by the atmosphere of vapour which envelopes the incandescent 
metal*. 

After this first experiment, I tried the various metnls I Imd nt 
hand. The ^ame phenomenon M-as reproduced in divers grouj)s of 
fines ; and In general the reversal commences with the least refran- 
gible line of the group, and only continues if the temperature is pro^ 
giesrively raised. 

The following are, for the principal metals, the groups of lines 
which T have been able to reverse. The motals nre arran'/od nearly 
in tlie order of the facility of production of the phenomenon ; the 
lines are designated by their wave-lengths espre&sed in milliontha of 
a millimetre. 



Sodium 
Thallium 
Lead . . . . 



• • • • 



line D . . 

srreen line 
violet huj. 



Silver 



Aluminium. 



Magnesium. 



Cadmium . . 



green lines 

violet line. 

violet lines between f 

II, and ( 

ti ijde green line . , 
triple line beyond 1 
the violet^ near L. j 

' fH'cenUne X 

bluish-green line . . X 
blue line X 



X 

X: 
X: 
X: 
X: 

X 

\: 
X: 
X: 



{J- 



x= 



589 

ri35 

40G 
546 
521 

424t 

51« 3, tlic least refrangible. 
883*78t the least refrangible. 

509 

480 
4677 
461 
472 
467-8 
.^10 



' green line X 

Zinc * green line X 

blue line X 

Copper irreen line X 

Iron, cobalt, bismnfh, antimony, and gold have given no appearance 
of reversal. The uik aline salts, especially the chlorides, still more 
easily produce the reversal of the bright lines. The chlorides of 
sodium (Xas589 and 423) end lithium (X^70 and 458) are dit 
most renurkable. 

* It is understood that the bright lines due to ur and aqueous vapour 
mnst not rovfounilcd with those of the metal, which famishes at least 

two sorts of bn^^lit lines, 
t Perhaps rcidly double. 

t Determined photographically, with a Nobert's network. The devia* 
tion was 11^ 46' 40" (sjieetnmicof the 2nd order). The analop:uc of group 
;>(X=.'l 8-3, according to M. Anj^strom) was devintcd 16" h". The 
ratio between the wave-lengths is 074016. The mean wave-lcugth of the 
group is equal to 383*3. 
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These experiments confirm the Uieory of the reveml of the lines 
bj abscwptioii ; for the oondition of sncccn is the hruoging together, 
M completely as possible, of the carbons, consequeiitty the fonnatioik 
of a large quantity of vapour in a very small apace* In the cntn 

the temperature is very high, the radiations very intense ; the cor- 
responding lines are at the Btimc time bright and widened ; around 
the central focus the laycis are cooler, they emit radiations lesb in- 
tense, but clearer as the length of an undulation. Thus the reversal 
line Is very fine when the thickness is salBcieat to produce absotp* 
tion ; it would become wider and wider, as happens in the case of 
aodn, if the temperature were still more raised. 

I will add a few words in order to se t forth rx^ran the connexion 
between these experiments and spectrum-observations of the sun. 

When Kirclihoff gave the explanation of the reversal of the lines, 
his view was admitted, that the dark lines of the solar spectrum 
were due to a ccmtinuous atmosphere enveloping the sub and ab* 
sorbing eertsin radiations of the photosphere. Nevertheless, in the 
chemical point of view, the constitotioh of this atmosphere, in which 
would be found pcll-mLll the vapours of so many different bodies, 
presents some ditficulties ; besides, its existence is contrndicted by 
the comparative observations of the ranrgin and the centre of the 
sun. If the absorbent atmosphere had a sensible thickness, the ab- 
sorption-spectrum would vary with the tludmess traversed by the 
rays which reach us, and consequently would have a different aspect 
at the centre and at the mai^gin of the solar disk. We know that 
it is not so ; and hence astronomers have concluded that the emis> 
sion of luminous radiations, and the absorption of certain of them, 
both take jilacc on the photosphere itself. 'I'his liypotlicsis is veri- 
iicd by our experiments, and even precisely detined to a certain 
degree ; for they show 

1st, That a very slight thickness of vapour can produce the re* 
versal of the lines — ^a thickness absolutely imperceptible at our dis- 
tancc from the sun ; and 

2ndly. Tl'.at there is no advantn'.rr' in supposing n continuous at- 
moj'jjherL , li j'.vever thin, tlic absorption being all local, and produced 
spofUuHeousii/ by the extcrnai cooling about each incandescent point. 

ItwiU moreover be remarked that the experiment described above 
b a genuine reproduction of the hypothetical constitution of the anot 
and a synthesis of the s]K-rtnim -phenomena presented by it, — the 
incandescent carbon, on which is the metal, playing approximately 
the part of the photosplierc, with a layer of vapours above at a very 
higli tem])eraturc and Auitting radiations which are partially absorb^ 
by the exterior layer. 

In short, a new fact brought out by these experiments is tlie ic- 
irenal of a great number of metallic lines : hitherto success hsd 
been obtained in reversing scarcely any besides the sodiom>line« 
Moreover they confirm the observations (which at first ap|ieared 
very singular) of the ^nrtial reversal of a group of lines, by showing- 
that this ajijjarent singularity is the general case. And, lastly, they 
justify, and even precisely define, certain hypothe»?cs conceniing the 
constitution of the sun. — Comj^tes iu July 21, 1871. 



Digitized by Google 



THE 

LONDON, EDINfiUEOU, avd DUBLIN 

PHILOSOPHICAL MAGAZINE 
JOURNAL OF SCIENCE. 



[Fouam sBBms.] 



OCTOBER 1871. 



XXIX. On Ocean-cur renls. — Part III. On the l^In/sical Cause of 
Ocean-currents, By James C&oll, of the Geological Survey 
of Scotland, 

[CoDtiniied ftom vol. zL p. 259.] 

Br. Garpenter^t I^eory of a General Oeeame drculalum, 

THE two great causes which have heen assigned for ocean- 
currents are the influence of the winds and the diffierence of 
apeeifie gravity between the ocean in equatorial and polar regions* 

But even amongst those who adopt the former theory, it is ge- 
nerally lield that the winds arc not the sole cause, but that, to a 
certain exunt at least, ditfereucc of specific jrravity contributes 
to produce motion of the waters. This is a very natural con- 
clusion ; and in the present state of physical geoi^raphy on this 
subject one can hardly be expected to hold any other view. It 
la oiily when we adopt the more rigid method oi determining in 
absolute measure the amount of the forces resulting from differ- 
enoe of specific gravity that we become aware that this is a cause 
utterly insufficient to produce the motions attributed to it. In my 
last paper^l* I eiamined at considerable length Lieut. Maury's 
theofy, and endeavoured to show that difference of specific gravity 
between the sea in equatorial and polar regions could not^ as lie 
supposed^ be v.:e cause of the Oulf-stream and other currents. 
Since the publication of that paper, an interesting and elaborate 
memoir on ocean -currents has been read before the Royal Geogra- 
phical Society by Dr. Carpenter. In this nien^oir he states that my 
objections do not apply to the slow movement, imperceptible to 

^ Plul. Msg. for Octobor 1870. 
Pha. Mag. S. 4. Vol. No. 280. 1871. B 
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ordinary observation, which he advocates. The conclusion at 
which i arrived was that the motive force resiUting from the 
diOcreucc of specific gravity ie equal to one foortli of a grain 
on the cabic foot (68 lbs.) ; and I alto adduced evidence to 
abow that a» force bo infiniteiimal is not only insufficient to 
move the water at the rate of several nules an hour, as in 
the case of the Golf-stream and other carrentSy bat is actu- 
insufficient to produce any sensible motion whatever^ — ^in 
short, that Dr. Carpenter's tbeoiy of a general intMiange of 
Equatorial and Polar water resulting from difference of spe- 
cific gravity is quite as physically impossible a* Lieut. MaurVs 
theory. "Rnt as Dr. Carpenter, in the meinou referred to*, has 
stated his theory with niueh lulncss, and suj)purted his positions 
with much ingenuity of argument^ it will be neeessary for me to 
enter a little more minutely into some of the points under dis- 
cubaioa before considering the influence of the winds as a cause 
of currents. This will, undoubtedly, be best effected by an ex- 
amination of Dr. Carpenter's arguments. Until these ace shown 
to be insufficient to support the theoiy maintained by htm» it is 
needless to begin the consideration of the effects of the winds. 
And as he has in his memoir done me the honour to discuss 
at considerable length some of mv objections to his theory, I 
trust that it will not be deemed either discouiteons or presump- 
tuous in me that I should enter somewhat more fully injfco the 
subject. 

There are three ways wlierebv it may be determined whether 
or not the circulation of the ocean is due to difference in specific 
gravity: viz. (1) the matter may be determined by direct expe- 
riment j (2) it may be determined by ascertaining the abi»oiuUi 
amount force acting on the water to produce motion, in virtue 
of diiference of spccihc gravity, and then cunipanug it with die 
force whieh has been shown by experiment to be necessary to the 
prodjoction of sensible motion ; or (3) by determining the greatest 
possible amount of toorit which gravity can perform on the waters 
in virtue of difference of specific gravity, and then ascertaining if 
the work of gravity does or docs not equal the work of the resist- 
ances in the required motion. It is strange that Dr. Carpenter 
nor anv of the advocates of the gravitation theory have ever 
adopted any of these methods. Dr. Carpenter seems to take foe 
granted that a circulation of the ocean similar to what he advo- 
cates is a "physical necessity." But this is the very point at 
issue. If the work o[ pri avity so far exceeds the work of tlic re- 
sistances in such a motion of the wat« rs as that supposed by Dr. 
Carpenter, then, indeed, such a motion is a physical necessity | 

♦ •* On the Gibraltar Current, iho Gulf-stream, antl tbe Genera) Oceanic 
Circulatiouj" Proceedings of tbe iiu^ai Ueographical i:>ociety, vol. xv. p. 64. 
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but, on the other hand, if the work of gravity falls short of 
tlie work the resittanoes (and Dr. Carpenter has nowhere 
proved that it does noi)| the votkm which he supposes is not 
onlv not a physical neceaaity, but is ictiially a physioU impos- 

Dr. Carpenter states that his doctrine of a General Ooeanie 

Circulation ha» been accepted as valid by some of the most dis- 
tiDgiiished mathematicians and physicists of this country. This 
is, no doubt, true ; but X eaanot hel|» thinking that those emi* 
nent physicists who have given a general assent to the correct- 
ness of his theory have done so witliout giving it special consi- 
deration — and that when they come to examine the question 
more minutely they will be sat i shed that the forces resulting 
from difiereuee of density, whether that difference be caused 
by difference of tempt t uture or by difference in saltness, is so 
infinitebimal as to be wholly iusuiheieiii to produce the great 
currants of the oeesn. With the exception of Dr. Colding, of 
Copenhagen'*', I am not aware that anv physicist holding the 
gravitation theory has attempted to dBtermioe the abwlutB 
amooat of the forces acting on the water so as to prodoes motion* 
Dr* Carpenkr^setqierimenis — True, Dr. Carpenter 1ms exhibited 
an experiment to show the motion of the water. B«t I presume 
his eiperiment was intended rsther to illustrate the way in which 
the circulation of the ocean, according to his theory, takes place, 
than to prove that it actually does take place. At any rate all 
that can be churned Sov the experiment ia the proof that water 

* Dr. Colding, of Copenhagen, in a memoir lately nnhlished (Om 
Stromningsfofrhnhhnf i nlmindflir^f hf>(lninger off i Htwet, 187^^), has de- 
termined with much labour auU skill the ioiUieuce uf difference ofspecifie 
gravity and of tbe earth's ratation at eanses of tbe Gulf-stream. The fet 
Uiwing are some of tbe conclusious at which be lias arrived. Between 
Bctniiii nnd AnL'^'^tinf. tlic only motive power he consider* is differ- 
ence oi level, which he ci^tlumtes to be 6 feet. From St. Augustine to New 
York Bay the stream* ia propelled by tbe rotation of Ae earth, the force of 
nvhich is equal to tliat of a slope of 9 <» 10 feet. From Kc ^^ York Baji 
to Europe it i.>^ yirn]>elle(l east by rotation tip a slope of about 1 foot. Near 
Europe the eum iit divides into two branches. Onc» under the influence 
of the ihniiaiiihed force of rotation, goes south-east to the coast of Africa ; 
tbe other goea aloof the British coaat, and ia turned north by the direction 
of the coast, roUtion causing it to rise from left to right about 1 ' foot. The 
cstiniatid force of rotation exercised on the Gulf-strcani Irom St. Augustine 
to lat. GO N. he considers to be equal to that of a difference of level of 
S5 feet. He baa in like manner shown the influence of diflbrence of le?el 
and rotation en*the retam cntient ttom the Aidic legionB to the Golf of 
Mexico. 

Dr. Colding appears, however, to leave out oi account molecular resist- 
ance to motion. He aays, "we do not know at present if the molaculea 

of water or air move without resistAnce.'* But, for reasons which will 
come under otir considcmtion, Dr. Colding appenr^i to have greatly OfCr> 
estimated the influence of gravity in the production of motion. 

B2 
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will circulate in consequence of difference of speciBc gravity re- 
sulting from dillercuce of temperature. But this does not require 
proof ; for do physicist denies it. The point which requifei to 
be proved is thU. Is the difference of specific gravi^ which 
exists in the ocean sufficient to produce the supposAcirealation? 
Now his mode of experimenting will not prove this, unless he 
makes the conditions of his experiment agree with what actually 
exists in the ocean. These conditions I have already stated at 
considerable length in my last paper'^. If his trough be as 
much as 1 inch in depth, it will require to be upwards of 120 
feet in length. Let the snrfaee-temperRfnre of the water at one 
end of such a trnn^rli he 80 , decieasiug from the surface down- 
wards tdl at the depth of half an inch it is as low as 30° or 32°, 
and let the water at the other end be kept at 32°, or as low as 
it can be kept without freezing. If the experiment succeeds 
under these conditions, his point will be established. 

But I most decidedly object to the water being heated in the 
way in which it has been done hy him in his experiment before 
the Royal Geographical Society j for I fed pretty confident that 
in this experiment the circulation resnlted not from difference of 
specific gravity, as was supposed, but rather from the way in 
which the heat was applied. In that experiment the one huf of 
a thick metallic pkte was placed in contact with the upper snr* 
face of the water at one end of the trough ; the other half, pro- 
jecting over the end of the trough, was heated by means of a spirit- 
lamp. It is perfrrtly olivious that thoviirh the temperatiirr of 
the great mass of the water under the plate might not be raisixl 
over 80" or so, yet the moleeules iu contact with the metal would 
ha\ e a very high temperature. Tliese molecules, in consequence 
of their expansion, would be unable to sink into the cooler and 
denser water underneath, and thus escape the heat which was 
being constantly communicated to them from the heated plate. 
But escape they must, or their temperature would continne to 
rise until they would ultimately burst into vapour. They can- 
not ascend, neither can they descend, but will be expelled by the 
heat from the plate in a horizontal direction. The next layer 
molecules from beneath would take their place and would be ex* 
pelled in a similar manner, and this process would continue so 
long as the heat was applied to the plate. A circulation would 
thus be estal>lis}i( (l hy tlir direct expansive force of vapour, and 
not in auy way due to diifcreuce of speciiic gravity, as Dr. Car- 
penter supposes. 

The case referred to by him of the heating-apparatus iu the 
London University is also unsatisfactory. The water leaves the 
bodcr at 120^ and returns to it at 80°. The difference of spe- 

♦ Phil. Mag. Oct. l«70,p.254. 
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cific gravity between the water leaving the boiler and the water 
returning to it is supposed to produce the circulation. It seems 
to me that this difference of specific gravity has notluiig wliat- 
€fer to do with the matter. The cause of the circulation must be 
eoQght for in the boiler itael^ and not in the pipes. The heat is 
appBed to the bottom of the boiler^ not to the top. What is the 
temperature of the moleenles in contact with the bottom of the 
boiler directly over the fire^ n a question which mnst be consi- 
dered before we can arrive at a just determination of the causes 
which produce circulation in the pipes of a heating-apparatus 
such as that to which Dr. Carpenter refers. But, in addition 
to this^ as the heat is applied to the bottom of the boiler and not 
to the top, convection comes into play, a cause nhieli, as we 
shall hnd, does not exist in the theory of oceanic circulation at 
present under our consideration. 

But, be all this as it may, though I do not believe that in Dr. 
Carpenter's expeiiinents circulation is effected liy difference of 
specific gravity, still I freely adaiiL tliat ditierencc of spccitic 
gravity will produce a circulation such as that supposed by 
him. Neither do I deny that the thing can be shown expe- 
rimentally. What [ affirm is^ that no experiment can show that 
water will circulate under difference of specific gravity if the con* 
ditions of the experiment be made to agree with what exists in 
the ocean; and unless these conditions are complied with^ any 
experiment^ no matter what it may be^ is usekss so far as con- 
cerns the question at issue. 

The Force CTcried by Gravity. — Sir John TTersclicl, in proving 
that difference of spccitic grf^vity could not be the cause of ocean- 
currents, adopted the second of the three methods to which I 
have referred ; viz. he showed that the force of irravitation, acting 
on the waters of the oceaii in virtue of sj)eciitc gravity, is not 
sufficient to piuduce the required motion. Sir John in his cal- 
culations had taken 39^ as the temperature of maximum den- 
sity. The temperature of maximum density, however, is much 
lower than this ; and as Br. Carpenter maintained that all de- 
terminations based upon the supposition that 89^ is the tempe- 
rature of maximum density gave too low an estimate of the effect 
of difference of specific gravity in causing motion, I calculated 
in my paper what would be the force of gravity, taking 32° 
to be the temperature of the greatest density instead of 39°, 
and found that the force of gravitation was about the same as 
when the temperatureVas taken at 39^, — the reason being, that 
when we take 32^^ as the temperfitiirr of Timxinuim density, we 
have 18 feet es the height of the ocean at the equator above the 
place of maxmiuni density, but then this place is the pole, 
whereas when we take 69 as the temperature of maxim uixi 
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dens«ity, though we have only 10 feet as the height of tlie 
ocean at the equator above the place of maxmuiia density, 
this place IS at lat. 5G instead of at the pole. iSow a slope of 
10 feet from the equator to iat. 56° is about the same in steep* 
new as a slope of 18 feetfmi the eqottor to (fae pole. Itdkm- 
kn Ibllowt that Henefael, in tiking S0° m the tempentafe 
mutimtuii density, did not nndemttnute tlw effeet of gravity. 

Dr. Carpenter nowhere, lo far u 1 an aware, calls in qaeetion 
my eetinMte <if the height at which the mrface of the ocean at 
the equator stands above that at the poles. He does not say that 
the slope from the equator to the poles is greater than I have 
estimated it to be, nor does he say that I have underestimated 
the force of gravity impelline: fho water clnwn this slope, in ron- 
cludiug it to be only one fourt h M' a e^rain on one cu\>\r ioot 
(63 lbs.) of water. Neither does he atiirm that a force so mri- 
nitesimal could produce the necessary circulation. On the con- 
trary, he admits that it vvuuld not*^ and says that I jvifthj main- 
tain that a circulation could not be sustained by this means. 
He appears to admit my results so far as I have gone, but maiu- 
tains that I have not gone far enongfa* I have jnatly estimated 
the eflects of heat, bat I have, he says, entirely ignored the 
agenej <^ cold. Mr. CrolV be says, ^ in arguing against 
the doctrine of a General Oceanic Circulation sustained by dif- 
ference of temperature, and justly maintaining that such a cir« 
eolation cannot be pjroduced bjr the application of heat at tho 
surface, has entirely ignored this agency of cold And this 
agency of cold which I have ic:nored he considers is of far greater 
imptirtnnc p than the one wliirh I Hdvnratr. The aqrTirv of cold 
he regards as the primum mobile oi' the general oceaiuc cir- 
culation. 

But surely Dr. Caq)enter is mistaken in si i imposing that I 
have entirely ignored the agency of ccild. In what I have ad- 
vanced, as much has been attributed to cold as to heat. The 
height of the snrfsce of the ocean at the eqntiator above the sur- 
free at the poles is, in my opinion, sa mndi due to cold as to 
heat. The slope is doe to tbe of density between the 

equatorial and polar waters. Now this difference is just as 
much the result of the contraction of the polar water by cold as 
of the expansion of equatorial water bv hnt. 

It is evident that the agency of cold referred to by Br. Car- 
penter, which I have ignored, must be something else than th* 
mere inflnenre of cold in the production of the slope by the con- 
traction of the polar waters. The cold, according to him, must 
exercise some power in the way of producing motion of the water 
over and above what is derned in virtue of the slope; and 

* See footaote to ft 25. 
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alto this power, whatever may 1)L' llie way in which it arts, is 
for more effective in jiruducin^ moLioii than tlie blopc; lor he 
regards it as the jjnmum nnjliUf oi the whoic atfair, whereas the 
tendeocy ot' the water to ruu down the slope is regarded m a 
seoondaty nmtter . 

It 18 perfectly trae th«t I \%y^ not lu ny paper on the anli- 
ject Ideal into acconnt any each ageiM^ ti this aappoeed btr 
Dr. Carpenter^ for the shnplc reaaon that I hnow of no anek 
i^l^cy. With the eiceptioB of an exceedingly trifling foro^ 
which I did not deem worthy of being taken into acccMint, and 
to which i shall hate oceaaion shortly to refer, I know of no 
possihie agency arising from difference of specifie gravity tend- 
ing to produce circulation other than the force impelling the water 
down the slope. 

The Work j^rforined by Gravihj. — But in order clearly to 
understand this point, it will he brtt^T to tivfit the matter ac- 
cording: to the third metliotl, and consider not ihe mere fo7-ce of 
gravity luipelling the waters, hut the amount of work which 
gravitation is capable of pcrlormnig. 

Assuming, then, the correctness of my estimate, that the height 
of the surface of the ocean at the equator above that at the poles 
is 18 feet, a pound of water in flowing down the slope from the 
equator to either of the poles will perfoim 18 foot-pounds of 
work. Or^ more property speaking, in the descent of a pound of 
water down this slope from the equator to the pole gravitation 
performs 18 foot-pounds of work. Now it is evident that 
when this pound of water has reached the pole, it is at the bot- 
tom of the slope, and con^qucntly cannot descend further. 
Therefore gravity rafuiot perform any more work upon it; for 
crriivity cannot jit i lot iii work unless the thine: acted upon de- 
sreml — that is, niuves under the force exerted. But the water Will 
not move under the influence of gravity uidtss it move down- 
ward ; for it is only in this direction that gravity acts on the 
water* But," says Dr. Carpenter, " the cSfcct of surface-cold 
upon the water of the polar basin will be to reduce the tempe- 
tmtnve of its whole mass below the freenng-point of fresh water, 
the iuiface stratum wtkin^ as it is cooled in virtue of its dtmiw 
jiished bulk and increased density, and bebg replaced by water 
not yet cooled to the same degree/' (§ 22.) The cooling of the 
whole mass of polar water by cold and the heating of the wster 
at the equator by the sun's rays make, of course, as we have just 
seen, the polar column of water to be denser than the equatorial 
one, and consequently, in order that the two may balance each 
other, the polar column is shorter than the equatorial hy 18 
feet; and tlie slope ot iH feet to which we allude is thus formed. 
It is perfectly true that the water which leaves the equator warm 
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and light, by the time it reaches the pole becomes cold and 
dense. But unless it be denser UiaQ the polar water under- 
neath, it will not Bmkdown iknmgh U*, But why should it be 
colder then the whole mast'^ vndemeeth, whieb^ acoording to 
Dr. Carpenter, la cooled by polar eold ? He doea not explain 
how thia becomea the caae. but that be doea anppoae it to sink 
to tiie bottom in consequence of ita contraction oj cold would 
aeem from the following quotation : — 

" Until it ii clearly apprehended that sea-water becomes move 
and more dense as its temperature is reduced, and that it con- 
sequently continues to sink until it frrrzf the immense motor 
power of polar eold cannot be apprehended. But when this 
has been clearly recognized, it is seen that the application of 
cold at the surface is precisely equivalent as a moving power to 
that ap])licatii)n of heat at the bolloui by which the circulation of 
water is sustained in every hcating>apparatu8 that makes use of 
it" (§ 25.) 

Here be aaya that the application of eold at the aoHaee ii 
equivalent as a motor power to the application of beat at the 
bottom. Bot the wav m which beat applied to the bottom of a 
vessel produces circnlation is by convection* It makea the mo- 
lecules at the bottom expand, and they, in conaeqaence of buoy- 
ancy, rise through the water in the Teaael. Consequently if the 
action of cold at the surface in polar regions is equivalent to that 
of beat, the cold must contract the molecules at the surface and 
ninko them sink ffironffh tbr mass of polnr water beneath. But 
assummg thia to be his nieaniug, how murh colder iR thi^ sur- 
face-water than the water beneath^? Suppose there is one degree 
of diticrence. 11 nw much work, then, \\ \\\ gravity perform upon 
this one pound ol water which is one degree colder than the 
niuHS beneath supposed to be at 32° t The force with which the 

Sound of water will sink will not be proportional to its weight, 
at to the difference of weight between it and a aimilar bnlk of 
the water tbrongb whidi it sinka. The diffieienee between the 
weight of a pound of water at 81^ and an equal volume of 
water at 82^ la qi^Iqo * pound. Now this pound of water 
in sinking to a aepth of 10,000 feet, which ia about the depth 
at which a polar temperature is found at the equator, would per- 
form only one third of a foot-pound of work. And supposing 
it were three degrees colder than the water beneath, it would in 
•inking perform only one foot-pound. This would give ua only 

* It is a wen*cst«hUshed bet that ia pokr regions 1h« tempentme of 
the sea decreases from the surface downwards ; and the German Polar Bx* 

petition found that the water in verv high Ifttitntlcs is actually less dense 
at the surface than at eonsiderabic depths, thus proving that the surface- 
water could not sink in oonaeqiwnce of its greater density. 
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18-f IrrlO foot-ponnds as the total amount that could be per- 
formed by gravitation on the pound of water from the time that 
it left the equator till it returned to where it started. The 
amount of work performed in descending the slope from the 
equator to the pole and in sinking to a depth of 10,000 feet or 
so through the polar water assumed to be warmer than the sur- 
face-water, comprehends the total amount of work that gravita- 
tion can possibly perfonn ; so that the amount of force gained 
by soeh a supposition om and above that derived from the slope 
is triflbg. 

Bat it wonld appear that this^ after all^ is not what Dr. Car- 
penter means, but something entirely different. What he means 

seems to be this : when a quantity of water^ say a layer one foot 
thick, flows down from theequat<»r to the pole, the polar column 

becomes then heavier than the equatorial by the weight of this 
additional Inyer. A layer of water equal in quantity is therefore 
prf*?spd awav troni the bottom of the rnlumn niid f?0'.vs off in the 
direction of the equator as an undercurrent, the jiolar column at 
the same time linking down one foot until equiiibnuin of the 
polar and erjuatunal columns is restored. Another foot of water 
now flows down upon the polar column and another foot of water 
i& displaced from below, causing, of course, the colunm tu de- 
scend an additional foot. The same process being eontinnally 
repeated, a constant downward motion of the polar column is 
the result. Or perhaps, to eipiess the matter mofe accurately, 
owing to the constant flow of water from the equatorial regions 
down the slope, the weight of the polar column is kept always 
in excess of that of the equatorial ; therefore the polar column 
in the effort to restore equilibrium is kept in a constant state 
of descent. Hence he terms it a " vertical " circulation. The 
following will show Dr. Carpenter's theory in his own words. 

" The action of cold on the surface-water of each polar area will 
be exerted as follows : — 

" (a) In diminishing the height of the polar rolumn as corn- 
ered with that of the equatorial, so that a lowering of its 
level is produced, which cau only be made good by a suduce- 
flow from the latter towards the former. 

** (b) In producing an excess in the downward preum of the 
column when this inflow hat restored its levels in virtue of 
the increase of specific gravity it has gained by its reduction in 
volnme ; whereby a portion of its heavy bottom-water is displaced 
laterally, causing a further reduction of level, which draws in a 
further supply of the warmer and lighter water flowing towards 
its surface. 

" (c) In imparting a downward movm^/ to each new snrfnee- 
stratum as its temperature undergoes reduction; so that the 
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entire ctdumu may be said to be in a state of constant descent, 
like that which exists iii the water of a tall jar when an opening 
ia made at ita bottom, and th« water which flowa awar through 
it ia rq^lioed by an e^phwleBt supply ponied into tae top of 
tiiejar.'' 28.) 

But if this be hia thoory, aa it endantilY ia, then the 18 fool* 
poands (the amount of work performed by the deacent of the 
waiter down the dope) comprehenda all the work that grantation 
can perform on a pound of water in making a complete circuit 
from the equator to the pole and from the pole back to the 
equator. 

This, T trust, will be evident fronj the following consnUra- 
tions. V\ hen a pound of water ba^< liowed tlown from the equa- 
tor to the pole, it has descended 18 feet, and is tlieii at X\\v toot 
of the slo[)e. Gravity has theret'orc no mow power to jmll it 
down to a lower level. It will not sink thruiigli ihe polar water ; 
for it is not denser than the water beneath on which it rests. 
Bat Dr. Carpenter will reply. Although li will not aink thnnigh 
the polar water, it haa nevertheleaa made the polar cohimii 
heavier than the equatorial, and thia exoeaa of preaaure foroea a 
pound of water out from beneath and allowa the ooiunui to 
deaoeiid. Snppoae a quantity of water to flow dow« from the 
equator so as to raise the level of the polar water by, say, 2 
feet. The polar column is now heavier than the eqnntorial by 
the weight of this 2 feet of water. The pressure of the 2 feet 
of water on the polar column will force a quantity of water 
laterally from thr bottom and cause the entire coiunui to de- 
scend till the 1(A (1 of cqnihhrium is restored. In utiicr words, 
the polar rnhiinn will sink 2 feet. Now in the sinking of 
this cohimn wurk performed by firravity. A certain amonnt 
of work is performed by gra\uy m cau.^mg the water to fall 
down the alope from the equator to the pole, and, in addition 
to thia, a certain amount ia performed by gravity in the TCftaoal 
deaoent of the eolamn. 

I freelr adnut thia to be aonnd raaaoning, and admit that aa 
much ia doe to the alope and so much to the vertical deacent of 
the water. In my original way of looking at the problem, 1 1«« 
garded the entire force as doe to the slope. In Dr. Carpenter's 
way of looking at it there is also the slope, bmt there ia, ia ad* 
dition to it, the vertical deacent of the water. 

Rut here we come to the most important point, viz. is there 
the lull slope of 18 feet and an additional vertical movement? 
Dr. Carj)enter seems to conclude that there is, and that this ver- 
tical force is something in addition to the force which I derive 
lioui the slope. And here, I venture to thmk, is the radical 
error into which he has fallen in regard lu the whole matter. 
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Bat let tbe point at issue be here clearly and distinctly nn- 
derstood. In my last paper I showed that the difference of tem- 
p( r,itim: between the sea in equatorial and polar regions makes a 
ditierciice of level of 18 feet, nnd that the force of gravity derived 
from a slope so small is iusntlicieut to produce the circulation 
which Dr. Carpenter supposes. Dr. Carpenter admits this, but 
maintains that tliere is a vertical descent oi the water at the 
poleSj and that the force derived from this vertical descent is the 
primmn mobile of the cirealatioti^ — in short, that though the force 
derived from the mere nloye is tosafficient, nevertheless wheo we 
take into account the force of the vertical descent of the water, a 
thing which he supposes I have overlooked, we have a cause per- 
fectly sufficient to produce the necessary circulation. This is 
tbe ireneral conclusion arrived at by Dr. Carpenter. Now let it 
be observed that I admit, when water circulates from difference 
of specific gravity, this vertical movement is just as real a part 
of the process as tlie llow down tlie slope; but the j)oint wliieh 
I Tnnintain is that (here is no additional pouc?' derived from this 
vertical tnuvet/ient aver and above irhtft is derived from the full 
slope — or, in other words, that this j/nmum mobile, which he 
says I have overlooked^ has in reality no existence. Now, if I 
manage to establish this point, I trust it will be obvious to the 
reader that Br. Carpenters theory is nntenable. 

In Dr. Carpenters way of looking at the problem, as in mine, 
gravity can perform only 18 foot-pounds of work per pound 
of water. In his way of treating the problem, the amount 
of work performed by tbe pound of water in first flowing 
down the slope and then in descending vertically, when added 
togethtf^ amounts to exactly 18 foot-pounds. The reason ia 
obvious; for whatever work is gained by vertical descent is 
just so much deducted from the work of descending the slope. 
Jf tbe pound of water on reaching the pole descends verti- 
cally 2 feet, it must have descended only 16 feet in coming 
duvvii the iilope. Suppose water has tlowed down upon the polar 
seas so as to restore the level by, say, 2 feet ; the polar column 
is now too heavy by the cxleiit of 2 feet of water, and the slope 
is therefore reduced from 18 feet to 16 feet. Suppose that 
while this condition of things remains, a poand of water leaves 
the equator and flows down the slope to tiie pole. In perform- 
ing this journey it descends only 16 feet, and consequently only 
16 foot*pounds of work is performed. The pressure of the 2 
feet of water on the top of the polar column is supposed now to 
begin to act; water is pressed out laterally from beneath ; tbe 
column descends 2 feet, and equilibrium between the equatorial 
and polar columns is restored. The pound of w ater in this pro- 
cess of course descends vertically % feet, and conseqaently 2 



Digitized by Google 



262 Mr. J. CroU an tkePi^tkalCame o/ Oee m em rtn i t. 

foot-pouuds of work is performed. But this 2 foot-pound s, 
added to tlic IG foot-pounds, gives simply 18 foot-pounds. 
Therefore, so far as the amount of work is coucerocd, it is the 
mine whether the pound of witer is eappoaed to descend through 
the fall slope of 18 feet, or to deaeena first through a slope of 
16 feet end then vertically through the remaining 2 feel« 

Perhaps the following diagram will help to make the point 
still dearer. 

FSg.l. 




Let P (fig. 1) be the surface of the ocean at the pole, and B 
the surface at the equator; P O a column of water at the pole, 
and E Q a rolunin at the equator. The two columns are of equal 
wcipht and balance ( ach other ; hut as the polar water is colder, 
aiid consequently denser tliau the equatorial, the polar column 
is shorter than the equatorial, the differenoe in the length of the 
two columna being 18 feet. The surface of the ocean at the 
equator E is 18 feet higher than the sarfooe of the ocean at the 
pole P ; there is therefore a slope of 18 feet from E toP. The 
moleculea of water at E tend to flow down this slope towards P. 
The amount of work performed by gravity in the descent of a 
pound of water down this ^lope from E to P is therefore 18 
foot-pounds. This represents the state of things in the way in 
which I have viewed tlie problom. Dr. Carpenter does not ob- 
ject to nil this. It is an essential part of his theory that there is 
a si'.)} It' iVoin the equator to the pole. The amount of this slope 
is, in his way ol lookiiiL^ at the question, as in mine, proportional 
to the difference of density between the polar eohium and the 
equatorial; and as lie has not calKd m question my estimate of 
the difference of density of the two columns, I presume that he 
admits diat the slope is about 18 feet. And of course he will 
admit that, in the descent of a pound of water down this slope, 
18 foot-pounds of work is performed by gravity. But he repre* 
sents the operation as occurring thus : — ^As the equatorial column 
is higher than the polar, when the two are in equilibrium water 
tends to flow down this slope from the equator to the pole as a 
surface-current He assumes this flow to continue till the level 
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is in whole or in part restored. Take the latter snp{)ositi!Mi , and 
suppose that water has flowed down till an addition ot 2 feet of 
water is made to the polar column, and the difference of level, of 
course, diminished by 2 feet. The surface of the ocean in this 
case will now be represented by the dotted line P' E, and the 
slope reduced from 18 feet to 16 feet. Let us then suppo^ a 
pound of witer to leave S and flow down to F ; 16 foot-poonds 
will be the amoimt of work performed. The polar colunm being 
now too heavy by the extent of the mass of water FP 2 feet thieky 
its extra pressure caoaea a mass of water equal to F P to flow off 
laterally from the bottom of the column. The column there- 
fore sinks down 2 feet till F' reaches P. Now the pound of 
water in this vertical descent from P' to P has 2 foot-pounds of 
work performed on it by gravity ; this, added to the 16 foot- 
pounds derived fram the slope, prives a total of 18 foot-pounds 
in passing" from E to P' and then from P' to P. This is the 
same auiount oi work that would have been performed liad it 
descended directly from E to P. In like manner it ean be 
proved that 18 foot-pounds is the amount of work performed in 
the descent of every pound of water of the mass V i\ The first 
pound whii^ 1^ E nowed down the slope directly to and per- 
formed 18 foot-pounda of work. The last pound flowed down 
the dope E F*, and performed only 16 foot-poonda; but in de- 
aoending from F to P it performed the other 2 foot-ponnda. A 
pound leaving at a period exactly intermediate between the two 
flowed down 17 feet of slope and descended vertically 1 foot. 
IVhatever path a pound of water might take, by the time that it 
reached P 18 foot-pounds of work would be performed. But no 
farther work can be performed after it renchra P. 

But some will ask, in regard to the veriical movement, is it 
only in the descent of the water from P' to P that work is per- 
formed ? Water cannot descend from P' to P, it will be urged, 
unless the entire column P O underneath descend also. But the 
column P 0 descends by means of gravity. Why, then, it will 
be asked, is not the descent of the column a motive power as real 
■a the dttoent of the masa of water F P ? 

Doea Dr. Carpenter suppose that motive power ia derived from 
the descent of the polar column P 0 ? UnlcM he doea so, it ia 
difficalt to onderstand what he means by saying that, according 
to his theory^ the deep efflux of polar water is considered as the 
primum mobile of the General Oceanic Vertical Circulation'' 
(§ 29). Again, unlesa he considers that the descent of the water 
below the level of P is a motive power, what grounds can he have 
for asscrtinn^ that I have iirTTorrd jirimum mohile thr whole 
filfiur? Gravity cannot perform niiy uMnv. work upon the water 
above the level of P than what is derived from the slope ; and 
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Qokss he can ahow that grafity performs work in the mtf of 
impeUiDg the water in additioti to what I have pointed mat, k 
canuot be aaid that I hare overlooked the influence of aay foree. 

That neither force nor tntrj^y can be derived from the mere 
descent of the polar column P 0 is easily proved. .The reason 
why the coluniii P 0 descends is becaosej in eonseqnence of the 
mass of water V I* restinp: on it, its weiglit is in excess of the 
equatorial column K Q. But the foroo vMth uliirh the column 
descends is equal, not to the weight oi tiie eolunin, l>iit to the 
weight of the mass I" P ; consequently as much work would be 
performed by gravity m the descent of the mass P'P (the two 
ftset of water) alone in the descent of the entire column P' 0, 
10,000 feet iu height. Suppose a ton weight is placed in each 
scale of a baluioe : the two stales balance each other. PJaoe a 
pound weight in one of the scales along with the ton weight and 
the soale mil descend. Bat it desce n ds^ not with the pressnre 
of a ton and a ponnd, bnt with the pressure of the pound wei^t 
only. In the descent of the scale, say, 1 foot^ gravity can per- 
form only 1 foot-ponnd of work. In like manner, in the descent 
of the polar column, the only work available is the work of the 
mass P' P laid on the top of the column. But it must be ob- 
served that in the descent of the column from P' to P, a distance 
of 2 feet, each pound of water of the muss F does not perform 
2 foot-pouuds of work; for the inonK iit that a nioli t ule nf 
water reaches P, it then ceases to ])erloi m turther work. The 
molecules at the surface P' descend 2 feet before reaching: P ; 
the molecules iindway bttueeii i' and 1' descend only 1 foot 
before reaching P, and the molecules at the bottom of the mass- 
are already at and therefore cannot perform any work. Hhie 
mean distance through which the entire mass pdwrma work is 
therefore 1 foot. One libot-pound per pound of water repre^ 
sents in this ease the amount of work derived from the vertiesl 
movement. 

That such is the case is further evident from the following 
considerations. Before the polar column begins to descend, itia 
heavier than the equatorial by the wei«:ht of two feet of water; 
but when the column has descended one foot, the polar column 
is heavier than the equatorial by the weight of only one foot of 
watrr ; aud, as the coluutn continues to descend, the force with 
wliH li it descends continues to diminish, and when it has sunk 
to P the force is zero. Consequently the mean jiressure or 
weight with which the two feet of water i* 1* descended was 
equal to that of a layer of one foot of water; in other words, 
each pound of water, taking the mass as a whole^ descended 
with Uie presim or weight of half a pound. But a half pound 
deaoending two feet performs one foot-ponnd; so that whcAhar 
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we consider the full pr'essure actmy (Jirniiijli thr incan distance, 
or iJit- in run pressure acting titrouyh tlie full distance, we get the 
saint result, viz. one foot-pound as the woik of vertical descent. 

Kow it will be found, as wc shall presently sec, that if we cal- 
culate the mean amount of work performed in descending the 
slope from the equator to the pole, 17 foot-pounds per pound of 
water is the amount. The water at the bottom of the mass P F' 
moved, of eourse, down the full slope E F 18 feet* The water 
at the top of the mass which descended from E to P' descended a 
slope of only 16 feet. The mean descent of the whole mass is 
thmfore 17 feet. And this gives 17 foot-pounds as the mean 
amount of work per pound of water in descending the slope ; 
this, added to the 1 foot-pouiul derived from vertical descent, 
gives 18 foot-pounds as the total amount of work per pound of 
the mass. • 
I have in the above reasoning supposed 2 feet of water accu- 
mulated on the pulai- coUiinn before any vertical descent takes 
place. It is needless to remark tljat the same conclusion woiilil 
have been arrived at, viz. that the total amount of work perioruied 
is IS- foot-pounds per pound of water, supposing we had con- 
sidered 3 feet, or 4i feet, or ev«n IB feet of water to hare aeon* 
innlafisd on the polar oolunm before wtical motion took place. 

I have aboy in agreement with Dr. Carpenter's mode of repre- 
senting the pperation, been considering the two effects, vis. the . 
flowing of the water down the slope and the vertical descent of' 
the polar column as taking plaee alternately. In nature, how- 
ever, the two effects take place simultaneously ; but it is needless 
to add that the amount of work performed would be the same 
whether the effects took place nlternfttely or simuitaiRousIy. 

1 have also represented the level of tlie ocean at the equator as 
remaining permanent while the alterations of level were taking 
place at the pole. But in representini^ the operation as it would 
actually take place iii nature, we should consider the cquatunal 
column to be lowered as the polar one is being raised. We 
should, for example, consider the two feet of water F F put upon 
the polar column as so much tsken off the equatorial column. 
But in viewing the problem thus we arrive at eiactlj the same 
jresults as before, as we shall presently see. 

Let P (fig. 2), as in fig. 1, be the surface of the ocean at tlie pole, 
and E the suriface at the equator, there being a slope of 18 feet 
from £ to P. Suppose now a quantity of water, E£^, say, 2 feet 
thick, to flow from off the equatorial regions down upon the 
polar. It \\ ill thtis lower the level of the equatorial column by 
2 feet, and raise the level of the polar column by the swne 
aniouiit. I may, however, observe that the two feet of water in 
passmg from to P would have its temperature reduced from 
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80° to 32 , and this would produce a »light contraction. But 
as the weight of the maas would not be alSBCted, inorder toiim- 

Fig.2. 




plify our reasoning we may leave thia contraction out of eoott* 
deration. Any one can euily satisfy himielf that tlie aimmp- 
tion that EE' ia equal to FP does not in any way a£foct tiie 
question at issue — the only effect of the contraction being to 
meretm by an infinitesimal amount the work done in descenaing 
the slope, and to dimmuh by an equally infinitesimal amount 
the work done in the verticBl descent. If, for example, 16 
foot-pounds represent the amount of work performed in descend- 
ing the slope, and 2 foot-])oumls the amount performed in the 
vertical descent, on the supposition that E'E does not contract 
in passiuc? to the pole, tlien 1G'004^ foot-poinnls will represent 
the work of the slope, and 1*9952 foot-pound the work of ver- 
tical descent when allowance is made for the contraction. But 
the total amount of work peiluruitd is the same in both cases. 
Consequently, to simplify our reasonings we may be allowed to 
Msnme FP to be equal to EE'. 

The slope E P bang 18 feet, the slope Ef F is consequently 
14 feet ; the mean slope for the entire mass is therefore 16 
feet. The mean amount of work performed by the descent of 
the mass will of course be 16 foot-pounds per pound of water. 
The amount of work performed by the vertical descent of F P 
ought therefore to be 2 foot-pounds per pound. That this is 
the amount will be evident thus : — The transference of the 2 
feet of water from the equatorial column to the polar di-^turbs 
the equilibrium by making the equatorial column too light by 
2 feet of water and the polar column too heavy by the same 
amount of water. The polar colinnn will thi rdore tend to sink, 
and the equatorial to rise till equilibrium is restored. The dif- 
ference of weight of the two columns being equal to 4 feet of 
wat^r, the polar column will begin to descend with a pressure 
of 4 feet of water ; and the equatorial column will begin to rise 
with an equal amount of pressure. When the polar eolonm 
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has desceiKlcd 1 foot the equatorial column wiil have risen 1 
foot. The pressure of the descendin^j polar column will now 
be reduced to 2 icct of water. And when the polar column has 
descended another foot, F will have reached P, and E' will have 
reached £ ; the two colamns will then be in equilibrium. It 
therefore follows that the mean pressure with which the polar 
colamn descended the 2 feet was equal to tibe pressure of 2 feet 
of water. Consequently the mean amount oi work performed 
by the descent of the mass was equal to 2 foot-pounds per pound 
of water; this^ added to the 16 foot-pounds derived from the 
^P^i gi^M ^ total of IS foot-pounds. 

In whatever way we view the question, we are led to the con- 
clusion that if 18 feet represent the amount of slope between the 
equatorial and polar columns when the two are in equilibrium, 
then 18 foot-pounds is the total amount of work that gravity 
can perform upon a pound of water in overcoming the resistance 
to motion in its passage from the equator to the pole down the 
dlope, and then Hi its vertical descent to ihe bottom of the ocean. 

But it will be replied, not only does the 2 feet of water P' P 
descend, but the entire column r 0, 10,000 feet in length, de- 
scends also. What, then, it will be asked, becomes of the force 
which grayitT exerts in the descent of this column ? We shall 
shortly see that this force is entirely applied to the overcoming 
of the resistance offered by gravity to tne motion of the water 
in other parts of the circuit ; so that not a single foot-pound 
of this force goes to overcome cohesion, friction^ and other 
resistances; it is all spent in counteracting the efforts which 
gravity exerts to stop the current in another part of the circuit. 
This vertical descent is therefore, not as Dr. Carpenter concludes, 
Bonie power which I had omitted to take into account in my 
former determinations. 

I shall now consider the next part of the movement, viz. the 
under or return current from the bottom ul ihc pulur euiumu 
to the bottom of the equatorial. What produces this current ? 
It is needless to say that it cannot be caused directly by gra- 
vity. Gravitation cannot directly draw any body horiBontally 
along the earth's surface* The water that forms this current 
is pressed out laterally by the weight of the polar column, and 
flows, or rather is pushed* towards the equator to supply the 
vacancy caused by the ascent of the equatorial column. There 
is a constant flow of water from the equator to the poles along 
the surface, and this draining of the water from the equator 
is supplied by the under (ir rcttini current from the poles. 
But the only power which can impel the water from the bottom 
of the polar column to the bottom of the equatorial column 
is the pressure of the polar column. But whence does the polar 

PAi/. Mas. S. 4. Vol. 42. No. 280. OcL 1871 • S 
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colamn derive its pretsure ? It etn only prew to the extent 
tbat its weight exceeds that of the equatorial eolumn. That 
which exerts the pressure is therefore the mass of water which 
has flowed down the slope from the equator upon the polar 
eolumn. It is in this case the vertical movement that causes 
this nndereurrent. The energy which produces this current 
must consequently be derived from the 18 foot-pounds result- 
ing from the slope; for the energy of the vertical movement, 
as has already been provoJ, is derived from this source : or, 
in other words, whatever power this vertical movement may 
exert is so much deducted from the lb foot-pounds derived 
Irora the full slope. 

Let us now consider the fourtli and last movement, vi«. the 
usccut of the undercurrent to the surface of the ocean at the 
equator. When this cold undercurrent reaches the equatorial 
regions^ it ascends to the surface to where it originally started 
* on its circuit. What, then, lifts the water from the Itottom of 
the equatorial column to its top ? This cannot be done direedy, 
either by heat or by gravity. When heat> for examplcj is ap* 
plied to the bottom of a vessel, the heated water at the bottom 
expsnds and, becoming lighter than the water above, rises 
through it to the surface ; but if the heat be applied to the snr* 
fkce of the water instead of to the bottom, the heat will not pro- 
duce an ascendinc: current. It will teud rather to prevent such 
a current than to produce one — fliP reason hr iTiir tlmt rnch 
successive layer of water will, on accdinit of the heat applied, 
bpcoine hotter and eoTi^i (|iiiM)tly lighter than the lave-r below it, 
and colder and counhjui iitiy heavier than the layer above it. 
It therefore cannot ascend, because it ii* too heavy; nor can it 
descend, because it is too light. But the sea in equatorial re- 
gions is heated from above, and not from below ; consequently 
the water at the bottom does not rise to the surfece at the equa- 
tor in consequence of the heat which it reeeivee. A la^er of 
water can never rsise the temperature of a layer below it to a 
higher temperature than itself ; and since it cannot do this, it 
cannot make the layer under it lighter than itself. That which 
raises the water at the equator, according to Dr. Carpenter's 
theory, must be the downward pressure of the polar column. 
When water flows down the slope from the equator to the pole, 
the polar eolinnn, as we have seen, beroiiies too heavy and the 
equatorial column too lii^lit ; the former then sinks and the 
latter rises. It is the sinking of the polar column which 
raises the equatorial one. When the polar column descends, 
as much water is pressed nndenieath the equatorial eolumn as 
is pressed from underneath the polar column. If 1 footoi water 
is pressed from under the polar column, a foot of water is 
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preaaed under the equatorial oolumn. Thiia^ wbeo the polar 
eolamn ainka a foot, the equatorial colamn riaes bj tke aame 
eztent. The equatorial water eontininDg to flow down the 
alope^ the polar oolumn descends ; a foot of water is again 
pressed from nodemeath the polar column and a foot pieased 
under the equatorinl. As foot after foot is thus removed 
from the bottom of the puiai coIihthi while it sinks, foot after 
foot is pushed niidcr the equatorial column while it rises; so 
by this means the water at the sfirface of the ocean in polar re- 
gioDii descends to the botiom, and the water at the bottoui iu 
equatorial regions ascends to the sui fiice — the effect of solar 
heat and polar cold continuing, of course^ to uiaintani the sur- 
face of the ocean in equatorial regions at a higher level than at 
the polea, and thua keeping up a constant atate of diatnrbed 
eqnifibriam. Or> to atate the matter in Dr. Carpenter^a own 
words, ''The eold and dense polar water^ as it flowa in at the 
bottom of the equatorial column, will not direetly take the place 
of that which has been drafted off from the aunaoe | but thia 
place will be filled by the rising of the whole superincumbent 
column, which, being warmer, is also lighter than the cold 
stratum beneath. Every new arrival from the poles will take 
its place below that which precedes it, since its tempornture will 
have been less atleeted by contact with the warmer water above 
it. In this way an ascending movement will be imparted to 
the whole equatorial column, and in due course every portion 
of it will come under the influence of the surface-heat of the 
sun/' (Proccediugs of the lio^al Society, vol. xix. p. 215.) 

But the agency which raises the water of the undercurrent up 
to the anrface ia the pressure of the polar column. The equa- 
torial column cannot riae directly by meana of graTitj. Ora- 
▼ity^ instead of raising the column^ exerta all ita powera to pre* 
vent ita rising. Gravity here is a force acting against the 
current. It ia the descent of the polar column, as has been 
stated, that raises the equatorial column. CSonaequently the 
entire amount of work performed by gravity in pulling down 
the polar column is spent in raisinf^ the equatorial column. 
Gravity performs exactly as much work in prevent mi^^ motion 
in the equatorial column as it perforuis in prodneitiL'^ motion in 
the polar column ; so that, so far as the vertical parts of Dr. 
Carpenter's circulation arc concerned, gravity may be said 
neither to produce motion nor to prevent it. And this re- 
mark, be it observed, applies not only to V 0 and L Q, but also 
to the parts Y V and £ E' of the two columns. When a mass 
of water EW, say, % fieet deep, ia removed olT the equatoM 
column and placed upon the polar column, the latter column 
ia then heavier than the former by the weight of 4 feet of water. 
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Gravity then flxerti more force in pulling the polar column down 
than it does in preventinir tVic equatorial column from rising ; 
and the consequence is that tlir polar column begins to descend 
and the equatorial column to rise. But as the polar column 
contniucb to ilt sceud and the equatorial to rise^ the power of 
gravity to produce motion in the polar coliunu diminishes, and 
the power of 1:1 ity to prevent motion in the cauatoriaJ columQ 
increases; and when i" descends to P and E rises to E, the 
power of gravity to prevent motion in the eauatonal oolomn is 
exactly equal to the power of gravity to prodnce motion in the 
polar oolnmn, and consequently motion ceaies. It therefore 
Ibllowa that the entire amount of work performed by the deaoent 
of PP is spent in raising £f £ against gravity. 

It follows also that inequalities in the sea-bottom cannot in 
any way aid the circulation ; for although the cold undercurrent 
should in its progress come to a deep trough filled with water 
less dense than itself, it would no doubt sink to the bottom of 
the hollow ; but before it could get out again as much work 
would have to br performed against gravity as was performed 
by gravity in sinking it. But whilst inequalities in the bed of 
the ocean would not aid the current, they would nevertheless 
very considerably retard it by the obstructions which they wuuid 
offer to the motion of the water. 

We have been assuming that the weight of P P is equal to 
that of EE^; bnt the mass PP must be grnter thanEEf^ be* 
cause PP has not only to raise E but it has to impel the 
undercurrents— to push the water along the sea-bottom from the 
pole to the equator. So we must have a mass of water^ in addi- 
tion to P P^ placed on the polar column to enable it to produce 
the undercurrent in addition to the raising of the equatorial 
column. 

It follows also that the amomit of work wbicli can be per- 
formed by gravity depends ciitin ly on the difference of tempe- 
rature between the equatorial and the polar waters, and is 
wholly null ju ndent of the way in which the tcuipcraturc may 
decrease buiii the equator to the poles. iSuj>posc, in agreement 
with Dr. Carpenter's idea (* Nature ' for July 0, 1871), that the 
equatorial heat and polar cold should be confined to Imiiied 
areas, and that through the intermediate apace no great differ- 
ence of temperature should prevail. Such an arrangement as 
this would not increase the amount of work which gmvity coidd 
perform ; it would simply make the slope steeper at tiie two 
extremes and flatter in the intervening space. It would no 
doubt aid the surface-flow of the water near the equator and 
the poles, but it would retard in a corresponding degree the 
flow of the water in the intermediate regions. In ahort, it 
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wonld merely destroy the uniformity of the slope without aiding 
in the least degree the general motion of the water. 

I trusty from what has been already stated, it is obvious that 
the'* primnm mobile''' <^ IV. Carpenter has in reality no exist' 
enee, and that the enetgp derived from the full slope, whatever that 
ahpe may be, comprehende aU that eon poeeibfy be obtained firm 
gramty, Tik banff the eaee, there ie, aoeordhig to br» Carpen- 
ter's oum admieeion, not eujident power to produce the dreakHon 

which he asmmcs. 

If this full slope, as lias beea proved by direct experi. 
ment be not sufficient to prodace even sensible movement of 
the water from the equator to the pole, a thing which Dr. Car- 
penter seems to admit t, how much less able is it in addition to 
this to overcome the resistanre to the motion of the water in 
the horizontal uDdercuri*eDt and in the vertical descending and 
ascending currents. 

The slope, according to Dr. Carpenter's data, ought to be less 
than IS feet. 

■ But is there in reality a slope of 18 feet ? Is the equatorial 
oolnmn 18 feet higher than the polar f My calcnlations of the 
differences in the hdght of the two colnmnsi as has been stated 
on a former occasion^ were made on the assnmption that ''the 

temperature of the ocean at the equator decreases at a nnifbrm 
rate from the surface downwarda, which is far from being the 
case. The rate of decrease is most rapid at the surfacci and 

decreases as we descend. The principal part of the decrease of 

temperature takes pl'iee nifhin no very great depth from the 
surface ; consequenily the greater part of the excess of tempe- 
rature at the equator over that at the poles affects the sea to no 
great depth "J. It therefore follows that the actual slope must 
be under 18 feet. I am irlad to lind that Dr. Carpenter aprecs 
with me, that the pniieijjal ])art of the excess of temperature at 
the equator is at the surface, and does not extend to any great 
depth. 

Suppose two basins/' he says« ** of ooean*water connected 

a a strait to be placed under such different climatic conditiona 
it the surface of one is exposed to the heating influence of 
tropical sunshine, whilst the surface of the other is subjected to 
the extreme cold of the sunless polar winter. The effect of the 
wxrfacc-heat upon the waters of the tropical basin will be for the 
most part limited (as I shall presently show, § 40) to its upper* 
moF:t sfrafurn, nnd may here be practically disrc2;arded. But the 
efiect of 8uriace-co^ upon the water of the polar basin will be 

* Phil. Mag. Oct 1870, p. 254. 

t See his footnote to ^ i5. 

X PhiL Mag. for October 1870, p. 249. 
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to raduce the temperatura of its whole mus beloir the firefltiog- 
point of fresh water (6 Here Dr. Carpenter not only 
•dmita that the greater heating effeet of the tropical sun is for 
the moat part confined to the " uppermost stratum" but he goea 
liuthar, a&d admits that its eflfect " may here be practically dis- 
regarded*' But it seems to me that if the beating of the upper 
stratum be practically disregarded, then, so far as his theory 
is concerned, every thing else may be also practically disre^rardid. 
For, aceordmji; to his theory, ditierenee of density is due to dif- 
ference of temperntiup; but, on the other liaucl, the temperature of 
the sea in intertrupical regions differs from lliaL of the sea in polar 
regions only so far as the warm upper stratum is concerned. 
The tropical sea is warmer than the polar, just becanae it recctvea 
nova heat from the aon than the polar. But the heat of the ann ia 
vaoeived on the anrfaee of the aea ; it ia " aurfaea^heat/' If tbia 
warm upper atratum in tropical regiona be left out of account, 
then there ia actually no difference whatever between the tem- 
perature of the aea m tropical and polar regiona. And if there 
u no difference in temperatoiet there can be no difference in 
specific gravity, and consequently nothing, according to Dr. Car- 
penter's theory, that can possibly move the wntrr. Ccff! i** not 
a something positive imparted to the polar waters giving them 
motion, and of which the tropical waters are deprived. If we 
dip one hand in a hn'sin filled with tropical water at 80^ and the 
other in a basin lilk d with polar water at 32*^, referring to our * 
eensationSf we call the water in the one hoi and ilie water in the 
other cold ; hut so far as the water itself is coucemed, heat and 
oold aimply mean dilfefenoe in the amounta of heat poaaeaaed. 
Both the polar and the tropical water poaaeaa a oertain amount of 
energy in the form of heat, only the polar water doea not poaaeaa 
ao much of it aa the tropicai. 

Bnt we have more than a mere statement that the eioeaa of heat 
in equatorial regioua ia chiefiy confined to the upper atimtnm of 
the ocean. Dr. Carpenter affords us positive evidence on the sub* 
ject. From a series of three observations made in the Mediter- 
ranean, he found that the superheating produced by the direct 
action ot the sun upon the surface "is almost entirely limit ni to 
a stratum ffty faf horns deep, the descent of tlie thermuiuetcr 
being most marked in the hrst tuenty fathoms" (5" iO). Fortu- 
nately one of the observations was made at a place where the 
temperature of tlie water at tiie surface was as high as 77 , 
whidk la within 3° of what I have in my calculations assumed to 
to be the anHaee-temperatuve of the aea in equatorial regiona* 
The following Table will ahow the rate at which Dr. Carpenter 
found the temperature to auik from iht aaxftoe to the depth of 
lOOfathoma: — 
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Colanm IL showa the temperature aa observed by Br. Car* 
penter. If a timilar rate of deereaie takes place at the equator^ 
which is highly probable, then colunui III. will show the tem* 
peratores at the equator to the depth of 100 fathoms. I>r» Car* 
penter says that in tbe Atlantic he found that, after pass* 
ing through the heated surface-layer^ there was a slow nearly 
uniform descent of temperature down to the 'stratum of intrr- 
uiixrure/ in which there was another t-u(klen drop of lO'^.''^ VVe 
may therefore in our calculations assume the decrease of tempe- 
rature to he uniform belcw 100 fatlioins. W'e have now a means 
of dctermininc: with more accuracy than belore the actual height 
of the siu laic of the ocean at the equator ahove that at the poles. 
Taking, m before, Munckc'a Table of the rate of expansion of sea- 
water, it turns oat that the height of the equatorial column above 
the polar amoanta to littk more than 8 feet. But to give Br. 
Carpenter^s theory full justice, I shall assume the temperature of 
polar water from the surface to tbe bottom to be not 32°, but 
three degrees lower, viz. 29°. This will make the slope from the 
equator to the pole about 9 feet, or one half what I had made it 
in my former paper. The distance from the equator to the polea 
is 32,758,000 feet. But to simplify calculations, let us take 
the distance in round numbers at 31,500,000 feet. This reduc- 
tion of the distance is, of course, so far in favour of Dr. Car- 
penter's theory. We have here an inelnud plane Sl^oOU/JOO 
feet in length and 9 feet in height. The height of the plane to 
its length is thertiure as 1 to 3,500,000. According to the prin- 
ciple of the inclined plane, the force of gravity tending to move 
a pound of water down this plane is — r-^— — of a pound, or 
of a grain. Were water a perfect tiuid and could iiiovc 
without any resistance, a pouiui t»f water under the pressure of 
Syff of * grain would flow down from the equator to the pole 
witk an accelerated motion, and on reaching tbe pole it would 
iMve acquired tbe same velocity as it would have done supposing 
it had fallen vertically through a distance of 9 feet. It woula reach 
tbe pole with an amount of energy in Uie form of motion ecpial to 
9 fbot-poundf. Water, however, is not a perfect fluid, but offers 
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considerable resistance to motion. Now, if the resistance offered 
by water to ruotion exceeds the pressure of of a grain per 
pound, gravity will be unable to cause the water to flow down 
the incline under consideration ; for wert: it to do so, the work 
of the resistances would exceed the work of gravity — a thing 
impossible. If the resistances of the Water to iiioti<m equalled 
^h<5 ^ S'^iii P^i' pound, the entire d foot-poandi of energy 
would be expended in carrying the pound of water from the 
equator to the pole^ and no energy would remain to cause 
the water to descend to the bottom of the ocean, to return to the 
equator aa an under current^ and then to ascend to the surface. If 
we assume, what certainly must be the case, that the total amount 
of resistance offered to the motion of the water in the under- 
current and in the two vertical currents equals the resistance 
offered in the surface-current, then the force of the resistance to 
the pound of water, if motion is to take i)lace, must be under 
of a grain. For as we have only 9 foot-pounds of enersry 
for the entire circuit, 4-^ foot-pounds would he spent on the 
surface-current, and the other 44 foot-pouuib would j^o to pro- 
duce the under and two vertical currents. But if the resistauces 
exceeded yJ^q ol' a grain on the pound of water, the work of 
the resistances in the entire cbcuit would exceed the work of 
gravity, and consequently no motion would be possible. M. 
Dubuat, aa haa already been stated^, found that water remains 
motionless on an incline of 1 in 1|000,000; but such an incli- 
nation gives for the force of gravity of a grain. This abows 
that the resistance to the motion of the water amounts to at 
least tIt of a grain. But before circulation can take place, ac- 
cording to Dr. Carpenter^s theory, the resistance of the water 
would require to hp only one Rpvrnth of that nmount, viz. 
of a grain. ^\ i ;ii c tlierefore led to the conclusion that it is ao- 
solutely impossible that difference of specific gravity can produce 
even motion of the waters of the ocean, far less such a circula- 
tion as ihat assumed by Lieut. Maury and Dr. Carpenter. 

I have not been able to liud any direct determinati ons as to 
the work of the resistances in the flow of water ; but ( ht above 
show indirectly that it must far exceed the work of gravity. 
Canon Mosdey has lately been investigating the qaestion of 
the resistance of fluids by means of his new method^ wliich he 
had a])plicd with such remarkable success to glacier-motion'l'. 
By this methed he has been able to determine the amount of 
the internal work of resistance of the films of water to the flow- 
ing of each film over the surface of the next in succession ; and 
th«:re is little doubt but he will be able to settle the question 

♦ Pliil. Miirr. October 1870, p. 251. 

t Phil. M«g. for September l871« p. 184. 
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whether or not 9 foot-pounds is sufficient to cany a potmd of 

water from the equator to the pole as a surface-current, and 
back from the pole to the equator as an undercurrent. 

Dr. Cai jieiiter must either show that the total aaioimt of vork 
that can be performed by gravity on a pound of water in its 
entire circuit ifroni the equator to the pole and bac k to where it 
started exceeds 9 foot-pouiuU, or else that the maan force of the 
resistances to the" motion of the pound of water is under i^qq 
of a grain. Unless be can do tbis« he is not warranted to con- 
dude that the General Oceanic Circulation which he admatea 
IB even a physical possibility, far less a physical necessity. 
' Bat this force of a of a grain^ infinitesimal as it is« holds 
tme only in regard to the water at the sorfaee. The power of 
gravity to produce motion decreases rapidly as we proceed down* 
wards ; at a short distance below the surface it may be practi- 
cally disregarded. 

In determining whether a certain slope be sufficient to produce 
motion of the water, there is a distinction of the utmost import- 
ance wliich must be borue in mind; viz. we must consider 
whetlu I- the slope be caused by difference of specific gravity or by 
some other agency, such, for example, as the wind heaping up 
the water. Suppose the ocean to he the same in density from the 
equalur to the pules, uud that by some means or other the water 
should be so heaped up or raised at the equstor as to produce a 
difoenee of level of 18 feet between the equator and the poles. 
It is more than probable that the force of gravity would in this 
ease be sufficient to cause such a motion of the water as would 
restore the level of the ocean; for the ocean would not be in a 
state of equilibrium when the water stood 18 feet higher at the 
equator than at the poles, because the equatorial column would 
esECeed the polar by the weight of this 18 feet of water; conse- 
quently the entire weight of this mass would be employed in 
restoring the level. But when the rise of 18 feet at the efjuntor 
is the result of specific gravity, the sea is in perfect cquilibruim 
and no pressure whatever is exerted ; the only thmg m such a 
case that could restore the level or produce iiiotion is that almost 
infinitesimal tendency that the molecules at the surface have to 
roll down the slope. 

I cannot but think that^ on this account, Br. Colding has very 
much overestimated the power of gravity in the case of the Gulf* 
stream. He states that^ in order to impel the waters of the 
Gulf-stream through the Straits of Florida, a slope of 9 feet from 
the Golf of Mexico to St. Augustine is a necessity. But differ- 
ence of specific gravity affords only 6 feet of slope ; the addi- 
tional three feet he assumes to be derived from the heaping up 
of the water in the Gulf of Mexico under the influence of the 
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trade- Winds. From these two causes he derives the necessary 
elope of i) feet. Jiut here a new agent is brought into play of 
an entirely different character from that of the tlope, vis. tlie 
presBure of a niaaa of water 8 feet deep. In comequenoe of this 
the weight of a eolumn of water in the Gulf of Meiico exceeda 
that of a oolamn in the North Atlantic by three feet of water. 
Each square foot of the cross section of the Gulf-stream is thai 
subjected to a hydrostatic pressure of about 190 pounds urging 
the water forward* The amount of work which this pressure ia 
eapable of performing in a given time tt proportionate to the 
superficial area of the column ; but the superhcial area of the 
column is equal to that of the entire Gulf of Mexico ; wp have, 
therefore, in this three feet of water heaped up in tiie Gulf a 
power sufficient of it^rlf to produce a very considerable current 
through such a narrow strait as that of Florida. But were the 
9 feet of slope \vlu>lly the result of difference of specirie gravity, 
the waters uf the CiuU' and the Atlantic would be m perfect 
equilibrium, and there would then be no pressure from behind 
impelliug the water forward through the strait The only thing 
which could then have any influence in producing a current 
would be the force which gravity would exert on the mole* 
eulea at the surface, tending to cause them to roll down the 
slope, and which in the case of a slope so small would be but 
triding. In the case of Dr. Carpenter's oceanic circulation* 
this force, as we have just seen, amounts to only one iive-hun* 
dredth of a prnin on a pound of water. 

But there are otiu r c;im<cs which tend to rednce the slope 
still further : — (1) There can be no permanent current while the 
full slope of 9 feet remains. A pcF-manent current requires a 
state of conslant distnrl)f*d tqiulibnum between the equatorial 
and polar columns ; and this again, as has been shown, neces- 
sarily imphes a permanent reduction of slope. (2) Although the 
polar waters are colder than the intertropical, yet they are not so 
•alt, and of eourse are^ on this aocount» not to heavy. (3) In 
intertropical regiont evaporation is in excess of predpitation ; hot 
in temperate and polar regions precipitation is in exoesa of ev»> 
potation. Tbis» to a certain extent^ tends to lower the level of 
the sea in intertropical regions, and to raise the level of the sea 
in temperate and polar regions; so much water is removed from 
the surface of the ocean in intertropical regions and poured 
do\v!i rain or snow upon tlir 'surface of the ocean in temperate 
and polar regions. In short, \i tliere he nn\ difference of level 
between the surfiice of the ocean in equatorial and polar regions, 
it must be trilliug, indeed so tritiingas to be absolutely iucapabk 
of producing the motion supposed. 

It canuul lie urged Si» an objection to what has been advanced 
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that I have dc Lei mined simply the amount of the force acting 
on the water at the surface of the ocean and not that on the 
water at all depths — that 1 have esUmulcd the amount of work 
which gravity can perfonn on a given quantity of water at the 
mrfitoe^ but not the total amount of work which gravity can 
perform on the entire ocean. This will not do as an objectiony 
becauae the surface of the ocean is the place where the greatest 
dilFerenoe of temperature, and consequently of density, exists be* 
tween the equatorial and polar waters, and therefore it is here 
thai gravity exerts its greatest force. And if gravity be unable 
to move the water at the surface, it is much less able to do so 
under the surface. So far as the question at issue is concerned, 
any calculations as to the amount of force exerted bj gravity 
at various depths are needless. 

Dr. Carpenter, in proof of ius theory, adduces the fact that 
at a depth of 20iX) lathoms or so the ocean, from the poles to 
the equator, has a tcuip rature not above 32^. He concludes, 
aiid tiiat justly, iliut tins low temperature at the equator is evi- 
dence of the existence of an undercurrent from the poles to the 
equator. But he maintains, like Maury and others, that such 
an undercurrent could not result from the aetionof winds on the 
surface of the ocean, bat must be due to difference of speciiie 
gravity. This opinion, I find, is supported by no less authori- 
ties than Sir William Thomson and Professor Stokes. But with 
all due deference to these great physicists, I am, for the follow- 
ing reasons, unable to accept such an opinion. Suppose, for 
ar^rnnient's sake, that the Gulf-stream is caused by the winds, 
and that it flows into the Arctic j^chs. It is evident that the 
water which is thus being constantly carried from the intertro- 
pical to the Arctic regions must in '^ome way or other tiiid its 
way back to the equator; in otlier words, there must be a re-, 
turn-current equal in magnitude to the direct current. Now 
the question to be determined is what path must this return- 
current take ? It appears to me that it will take the^aM of least 
remtance, whether that path may happen to be at the surface 
or under the sur&oe. But that the path of least resistance wiU, 
as u general rule, lie at a very considerable distance below the 
aurfiwe is, I thuik^ evident j&om the following considerations. 
At the surface the general direction of the currents is opposite 
to that of the return-current. The surface-motion of the water 
in the Atlantic is from the equator to the pole; but the return* 
current must be from the pole to the equator. Consequratly 
the surface-currents will oppose the motion of any return-cur- 
rent unless that cnrtrnt He at a ron^^iderable (It |)tli below the 
surface-currents. Again, the winds, as a i^cneral rule, blow in 
an opposite direction to the coarse of the return-current, because^ 
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■ooofding to nippofitioii, the wiade Uow in the direetioa of the 
lurfbee-eumnti. From all theae canaea the oath of leaat re- 
•iatanee to the retnni-ettnent will, aa a general rule, not be at 
the aurface, but at a very considerable depth below it. 

It ia maintained alao that the winda cannot produce a yertical 
current exeept under aome very peculiar conditiona. We have 
already seen that, according to Dr. Carpenter's theory, the ver- 
tical motion is caused by the water flowinn: off the equatorial 
column, down the slope, upon the polar column, thus destroy- 
ing the equilibrium lictween the two by diminishing the weight 
of the equatorial column and increasing the weight of the polar 
column. In order that equilibrium may be restored, the polar 
column sinks and the etiualuiial one rises. Now umst not the 
same effect occur, supposing the water to be transferred from the 
one column to the other, by the influence of the winda inatend of 
by the influence of gravity ? The Terttcal deacent and ascent of 
these oolumna depend entirely upon the difference in their 
weighta, and not upon the nature cf the agency which makea 
thia difference. So far as <li (Terence of weight is concerned, 
2 feet of water, say, propelled down the slope from the equato- 
rial column to the polar by the winds, will produce juat the same 
effect as though it had been propelled by gravity. If vertical 
motion follows aa a necessary consequence from a transference 
of water from the equator to the poles by gravity, it follows 
equally as a necessary consequence from the same transference 
by the winds; so that one is not at liberty to advocate a vertical 
circulation in the one case and to deny it in the other. 

Dr. Carpenter, as well as Maury, maintains that currents pro- 
duced by the winds cannot extend to any great depth. It is 
certainly true that sudden commotiona eanaed by atorma do not 
generally extend to great depths. Neither will winda of shoit 
eontinuance produce a current extending far below the fturftce. 
But prevailing winda which can produce auch immense surface- 
flow as that of the great equatorial currents of the globe and 
the Gulf-stream, which follow definite directions, must commu- 
nicate their motion to great depths, unless water be frictiontess, 
a thing which it is not. Suppose the upper layer of the ocean 
to bo forced on by the direct action of the winds with a constant 
velocity of, s;iv, tour miles au hour, the layer immedifitcly below 
will be dragged along with a constant velocity somewiiat less 
ihnn four miles an hour. The layer immediately below this se- 
cond layer will in turn be also dragged along with a constant 
velocity somewhaL less than the one above it. The same will lake 
place in regard to each succeeding layer, the constant velocity of 
each layer being somewhat less than the one immediately above ity 
and greater than the one bdow it. The queation to be determined 
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is, at what depth will nil motion cease? I presume tlifit at present 
we have not sulHcient data for properly (Icteniuning this point. 
The depth depends \ipon the amount of molecular resistance 
offered by the water to motion — in other words, on the amount 
of the shearinp:- force of the one layer over the other. The 
fact, however, that motion imparted to the surface will extend 
to great depths can be easily shown by direct experiment, li 
a coDftant motion be imparted to the tnr&ee <k water^ say^ 
in a veaaelj motion will ultimately be oommiinieated to the 
bottom^ no matter bow wide or bow deep tbe vessel may be* 
The same effect will take plaoe wbetber the vessd be 5 feet 
deep or 500 feet deep. 

But it does not follow that thoagh a current, such as the 
Gulf-stream, impelled by the influence of the winds may not 
extend to any great depth, the water which it conveys may 
not descend to the bottom of the ocean. The water of the Gulf- 
stream is much Salter than the water of the North Atlantic. 
Now by the time that this salt water reaches the shores of, say, 
Iceland or the Shetlands, its temperature will be so far reduced 
that though it may be W or 12° higher than the polar water 
underneath, still, in consequence of its greater saltue&s, it may be 
actually denser, and on this account may sink to the bottom and 
displace the polar water. In short, the difference in density 
between Ihe salt water of the Golf-stream, by the time that it 
reaches oar shores, and the cold pokr water is so infinitesimal 
that it can exercise bnt little or no influence in determining the 
position of the conent. The fact pointed out by Professor 
Wyville Thomson most also be borne in mindj yis. that the 
Qidf-stream flows into an almost closed basin. 

The Gibraltar Current. 

If difference of specific gravity fails in accounting for the cur- 
rents of the ocean in general, it certainly fails in a still more de- 
cided manner iu accouuting for the Gibraltar current. The 
existence of the submarine ridge crossing between Capes Tra- 
falgar and Spai'tcl alTccts currents resulting from difference of 
specific gravity in a manner which does not seem to have sug- 
gested itself to Br. Carpenter. The pressure of water and other 
fluids is not like that of a solid, say, the weight in the scale of 
a balance, simply a downward pressure. Fluids press down- 
wards like the solids, but they also press laterally. The pres- 
sure of water is hydrostatic If we fill a basin with water or 
any other fluid, the fluid remains in perfect equilibrium, pro- 
vided the sides of the basin be sufiiciently strong to resist the 
pressure. The Mediterranean and Atlantic, up to the level of 
the sabmaiine ridge referred to, may be regarded as huge 
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basiDs, the sides ot wluch are safficiently strong to resist all 
pressure. It follows that, however denser the water of the 
Mediterranean may be than tlie water of the Atlantic, it la 
only the water above the level of the ridge that can possibly 
exerciie any infiaenee in the wkj of dutarbing eauilibritimy so 
u to eaoie the Um\ of the Mediterranean to atana lower than 
that of the Atlantie. Suppose both banna empty, and dense 
water to be poured into the Mediterranean, and water less dense 
into the Atlantic, until they are both filled up to the le?el of the 
fidge ; atill the heavier water in the one baiBUi eKerciaes no in- 
fluence in raising the level of the lighter water in the other 
basin, the entire pressure being borne by the sides of the basins. 
But if we continue to pour in water till the surface is rai*e<1, 
say, 1 foot, above the level of the ridij^e, tlien there is nolhin*^: 
to resist the lateral pressure of this 1 foot of water in the 
Mediterauean but the counter pressure of the 1 loot iu the 
Atlantic. But as the Ah liLcrrauean water is denser than the 
Atlantic, this 1 foot of waier will consequently exert more pres- 
sure than the 1 foot of water of the Atlantic We must there- 
fore continue to pour in more water into the Atlantic until its 
lateral pressure f^iuals that of the Mediterranean. The two seas 
will then be in equilibrium, but the sui&ee of the Atlantie wiH 
of course be at a nigher level than the surfiiceof the Meditemu 
nean. The difference of level will be proportionate to the differ- 
ence in density of the waters of the two seas. But here we 
come to the point of importance. In determining the difference 
of level between the two seas, or, what is the same thing, the 
difference of level between a column of the Atlantic and a 
coluniii of the Mediterranean, we must take into consideration 
on/y (he water irhich Hps aharc the Icrri of the ridr/r. If tiu i L 
be 1 foot of water above the rid::e, tlieii there is a difference of 
level proportionate to the diti'erence of pressure between the 1 
foot of water of the two seas. If there be 2 feet, 3 feet, or any 
number of feet of water above the level of the nilgc, the differ- 
ence of level is proportionate to the 2 feet, 3 feet, or whatever 
number of feet there may be of water above the ridge. If, l»r 
eiample, 18 should represent the density of the Mediterranean 
water and 12 the density of the Atlantie water, then if there 
were 1 foot of water in the Mediterranean above the level of the 
ridge, there would require to be 1 foot 1 inch of water in the 
Atlantic above the ridqe in order that the two might be in 
equilibrium. The diflorence of level would therefore be 1 inch. 
If there were 2 feet wnt.-r, the diflfercncc of level would be 2 
iii( h( <; it 3 feet, thv {\\l\\TV}\vn would be 3 inches, and 5iOon. And 
tins would follow, no matter wliat the actual depth of the two 
basms nnght be ; the water below the level of the ridge exer«> 
cising no mtluence whatever on the level of the surface. 
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Now, in determining the actual diliereuce of level between 
the Mediterranean column and the Athintic, we must leave out 
of account the water under the level of the ridge. This point 
must be so obvious to every one liumli ir with hydrostatics that I 
need not go into further detail in lia matter. 

Taking Dr. Carpenter's own data as to the density of the 
MeditemDean and Atkntie waters, whatj then, is the difference 
of density ? The submarine ridge comes to within 167 fathoms 
of the'snrface ; say, in round nambers, to within 1000 feet. What 
are the densities of the two basins down to the depth of 1 000 feet f 
According to Br. Carpenter there is little, if any, difference. 
His own words on this point are these »"A comparison of these 
results leaves no doubt that there is an excess of salinity in the 
water of the Mediterranean above that of the Atlantic; but 
that this excess is slight in the surface-water, whilst somewluit 
greater in the deeper water'' (§ 7). "As-ain, it \v:i^ fouiul by 
cxamlnino^ samples of water taken from the surface, from 100 
fathnui.s, from 250 fathoms, aud from 100 fathoms respectively, 
that whilst the first two had the characUristic temperature and 
density oj Ailantic water, the last two hatl tiic cliaracteristics 
and density of Mediterranean water" (§ 13). Here, at least to 
Ihe depth of 100 fathoms or 600 feet, there is little di£Eerenoe 
of density between the waters of the two basins. Consequently 
down to the depth of 600 feet there is nothing to produce any 
sensible disturbance of equilibrium. If there be any sensible 
disturbance of equilibrium, it must be in consequence of differ- 
ence of density which may exist between the depths of 600 
feet and the surface of the ridge. We have nothing to do with 
any difference which may exist between the water of the Medi- 
terranean and the Atlantic below the ridge ; the water in tlie 
Mediterranean basin may he as heavy as nu rcmy below lUOO 
feet; but this can have nu etfectin disturbing equilibrium. The 
water, to the depth of GOO feet, being of the same density in 
both seas, the length of the two eolumns acting on each other 
is therefore reduced to iOO feet — that is, to that stratum of water 
lying at a depth of from 600 to the surface of the ndge 1000 
feet below the surface. But, to give Dr. Caipenter^s theory full 
justice, we shall take the Mediterranean stratum at the density 
of the deep water of the Mediterranean, which he found to m 
about I'OSSd, and the density of the Atlantic stratum at 1*026^ 
The difference of density between the two columns is therefore 
•003. Consequently, if the height of the Mediterranean column 
be 400 feet, it will be balanced by the Atlantic column of 401*2 
feet ; the difference of level between the Mediterranean and the 
Atlantic cnnnot therefore be more than 1-3 foot. The total 
amount of work that can be performed by gravity in the case 
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of the Gibraltar current is little more than 1 foot-pound per 
pound of water, an amount of energy totally inadequate to pro- 
duce the current* 

The Baltic Current. 

The entrance to the Baltic Sea is hi some places not over 50 
or 60 feet deep. It follows, thei-eforej from what has already 
been proved in regard to the Gibraltar current, that the influ- 
ence of gravity must be even still li^ss in causing a current in 
the Baltic strait than m the Gibraltar strait. 

Dr, Carpenter's Objections to mij Estimate of the absolute aniownt 
of Heat conveyed by ilie Gulf-stream. 

After giving a full exposition of his theory^ he closes with the 

following remarks : — 

*' Having thus fortified my own position by showing that the 
power I have invoked has a real existence and a most extended 
anr! varied operation instead of being a figment of my own 
iinak'inatioii (as Mr. Croll re]»it'sent8 it), I shall venture to 
attack the stronghuiJ ui my adversaries by siiowmg that the 
Gulf-stieam at the point of its greatest ^ glory' can by no means 
claim the heating-power which they assign to it'' (§ 31>). lie 
then proceeds to criticise the data on which my estimate was 
formed. But surely in my p<4>er on the subject I must not 
have expressed mysdf with sufficient clearness^ seeing that Dr. 
Carpenter has on several important points misunderstood me. 

lie begins with the following quotation from my paper in the 
Philosophical Magazine, February 1870^ p. 82. " From an ex- 
amination of the published sections aome years aco/' says ^Ir. 
Croll, " I came to the conclusion that the total quantity of 
water conveyed b}" the stream is probably equal t"> tluit of a 
stream tifty milrs broad and 1000 feet deep, flowing at tlie rate 
of four miles an liour^'*. He then assumes that all my con- 
clusions regardnig the enornmus amount of heat convened by 
the stream, and from which my luferencca as to his theory were 
drawn, were based upon this estimate of the vuluuic of the stream. 
This^ it is true^ was the volume adopted in my former estiuiute 

* The above gives 6,575,680,000,000 cubic feet per hour as the Tolome 

of the strenm. Profr^^^or Wvvillc Thomson, in rcfercnoc to this, savs, "I 
tee no reason whutever to believe tins calcuhition to be excessive" ( ' Nature 
for July 27 1 18/ 1> p. 252). Dr. Coliliug, iu his receut elaborate memoir 
"OntheOulf-stream/* ettimstet the volame at 5,760,000,000,000 cubic 
feet per hour. Maury, as we have set n. estimates it at 6,165,700,000,000 
cubic feet, and Ilerschel at 7,«'^''j!^I>0(),()00,(K)0 cubic feet. But in my paper 
tbe caleulatiooa were made oa tbe assumptioa that the volume im uuly 
2J97M>fiQO,W eubic feet. 
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of the heating-power of the stream ; but it will be teen, by re- 
ferring to a page a little further on than the one from which he 

quotes, viz. to pas^ 89, that, as ^fr. Findlay had maintained 
that I had doubled the actual volume*, T reduced it to one 
half of my former cstiiiinte. My object for doing so was that I 
might be enabled to show that, so far as my general conclu- 
sions regarding the influence of the Gulf-stream were con- 
cerned, it is a matter of luditference whether I adopt Mr. 
Findlay's estimate or my own. The inference diuwu in my 
former paper reprdiug Dr. Camnter^a theory is therefore based 
on the aaanmption that the voltune of the stream ia only one 
half what he had anpposed I had assamed it to be. 

He states that^ in estimating the volame of the stream, I had 
taken the velocity at the surface for the mean velocity. I am 
unable to perceive on what grounds he was led to such a con- 
clusion. I did not ^tfite that the Gulf-stream is anywhere fifty 
miles broad and KKH) feet deep, and flowing at the rate of four 
miles an hour. What I stated was that the quantity of water 
conveyed is probably equal to that of a stream fifty mdea broad, 
1000 feet deep, and flowing of coarse at every point from the 
surface to the bottom at the rate of four miles an hour; but I 
never anticipated that any one would conclude from this that I 
imagined the Gulf-stream actually flowed with the same velocity 
at every point from the aor&ee to the bottom. Such an opinion 
as this I never held nor ever could have held* Most certainly 
the velocity of the Otdf-atream, like that of enrrenta in general, 
diminishes &om the surface, or from near to the surface, down- 
wards. 

He states that I have also overestimated the mean tempera- 
ture of the stream. I have taken the mean temperature of the 
stream at the moment of its leaving the Gulf of Mexico at 65*^; 
and lie sfiys that this is too high an estimate. He states also 
that what has misled me on this point is, that my eati- 
inatr >ornis based on the as^jujiijition that in proceeding from 
above ilowiiwards the temperature descends uniformly between 
the different points of observation (§ 40). And m order to 
show that this is not the law of decrease of temperature down- 
wards, he presents us with the Table of observations made in 
the Mediterranean, to which reference has already been made. 
And irouL this Table he concladea, and no doubt justly, that 
the rate of decrease is greatest near to the surface of the stream 
and diminishes as we proceed downwards. But supposing I had 
adopted Dr. Carpenter^s Table as representing the law accord- 
ing to which the temperature of the water diminishes from the 
surface of the strcnm downwards, I am still unable to perceive 

♦ Proceedings of the Royal Giographical Societv, vol. ziii.p. 233. 
Fhil. Mag. S. 4. Vol. 42. No. 280. OcL 187X. T 
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how this would ha?e giTen a lower mean temperature than 65^. 
We might, by means of Dr. Carpenter's metliod, arrive at a 
pretty accurate estimate of the mean temperature of the crass 
section of the stream; and it is quite probable that the nican 
tempcratuic *)l the cto^a section would be found to be under 
Ga*^. But altliough the mean temperature of the cross section 
sln uld be below Go*^, it does not follow on this account that the 
mean tuupcniturc of the waier Jlowing through this cross sectum 
must be below that tempermture. It is perfectly obviom that 
the mean tenpemtare of tbe inaia of water Howmg throagh tbe 
crcMK teetion in a given time moat be much higher than the 
mean temperature of the cross section itself. Perhapa Dr. 
Carpenter has overlooked this fact^ and hence the reaaon why he 
has arrived at ao low an estimate of the mean temperatore ol 
tiie stream. 

The reason why the temperature of the water must be liip:her 
than that of the cross section is this : — It is in the upper half of 
the section where the high temperature exists ; but as the ve- 
locity of tlie stream is far greater in its upper half than in its 
lower half, the greater portion of ihc water passing through this 
cross section is water of high temperature. If Dr. Carpenter 
would take this fact into considenition azkl again go over hia 
calculationBy I feel peraiiaded he would arrive at the concloaioo 
that the mean temperature of the Gnlf*etream at the moment of 
leaving the Gulf is not under 65*'» 

But, be all this as it may, let us assume that the volume of the 
stream is but one half what he supposes I took it to be in mj 
ealculatiuns, and also that the quantity of heat conveyed per 
pound of water is but 12^ units instead of 25 units, as in my 
estimate; in other words, let us assume the mean temperature 
of the stream to be 52^° instead of 65°. Surely these are eon- 
cessions that will satisfy not only Dr. Carpenter, but every one 
else. Let us consider now what are the consequences to which 
we arc still led in regard to his tlieury of a general interchange 
of equatorial aud polar water independently of the Gulf-stream. 

The area Irov which Dr. Carpenter derives his heat is the 
area of the Atlantici extendms from the equator to the tropic 
of Canoery including the Caribbean Sea end the Gulf of Bieiioo. 
By referring to my last paper (Phil. Mag. for Oct. 1870, pp. 
265-257) it will be seen that, taking the volume of.the Gulf- 
stream at one-half of what Dr. Carpenter supposes I estimated it 
to be in my last paper, and assuming that the quantity of heat 
conveyed into the Atlantic in temperate regions by means of his 
general rirculation is equal to that conveyed by the Gulf-stream 
(whose heat he assuuics does not pass beyond the temperate 
regions) f the amount of heat removed from the Torrui 2oue and 
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transferred weae into the Temperate zone would be so enormous 
u to make the Atlantic in the temperate vegiona mndt vnrmer 
than the Atlantie in the torrid region. The idativ« qiiantitie8» 
aa wOl be leen by referring to my last paper, are tiiese : 1124 
parts weald represent the amount of heat in the temperate re- 
gion of the Ailantio, and 670 parte the amoont in the torrid 
regrion. 

But supposing wc now take the mean temperature of the 
Gulf-stream at 53 i° instead of 65°, in other word-*, that the 
amount of heat conveyed is but 12^ units instead of 25 units, and 
assuming that the amount conveyed by his general movement is 
even not more than that conveyed by the Gulf-stream at this re- 
duced rate, what are still the coiisri[ur nce9 ? IJy referring to the 
data utioided tu my idnt paper (p. '^o7), it can be easily calculated 
that 202*5 parts of beat will be removed from the torrid region 
and tramferred to the temperate region. Consequently the 
amoont offbeat poaseased hj the Atlantic in torrid regiona will 
be 772 parted and that poaseaaed by the Atlantie in temperate 
regions will be as much as 940 parte. 

This condnaion alone, I woaid venture to think^ ia decisive 
proof thatj even inppoaiug such a motion of the ocean as that 
for which Dr. Carpenter contends were physically possible^ 
still the amount of lieat conveyed by mciinsof his f^encral circu- 
lation must, as regards the Atlantie, be perfectly tritliug in com- 
parison with that conveyed by means of the Guli-stream. But 
this is not all; it proves also that the quantity of heat conveyed 
by aerial currents and all other mcaua put together is but tiiUing 
compared with that conveyed by the Gulf-stream. 

Ihr. Petermann haa^ by an entirely different line of argament^ 
ahown in the most clear and convincing manner that the abnor- 
nuUy high temperature of the north^'Westem ahorei of Europe 
and the seas around Spitebergan is owing mtirely to the Golf** 
stream, and not to any general circulation such as that advocated 
by Dr. Carpenter. From a series of no fewer than 100,000 obser- 
vations of temperature in the North Atlantic and in the Arctic 
seas, he has been enabled to tr:\cv with accuracy on bis charts 
the very footsteps of the heat m its passage from the Gulf of 
Mexiep up to the shores of Spitzbergeu'*'. 

Mr, A. G, Findlat/s Objeetvm, 
At tiie conclusion of the reading of Dr. Carpenter's paper^ 

* JHr QplJ^trmn imd Staadmmki der ikemcmOriteken Kmmimii$ dm 

mrdMmii^chen Oc&m$ wtd LandtfebkiB m Jahre 1870. A translation 

of thin important memoir of Pr. Peternirum'H, nlon^witli one or two others 
which have lately appeared in hia Lreo^ru^kuche Mitiheiiungent would be 
aboon to Eariin reailen. 

T2 
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Mr. Findlav rose to make some observatioos^ and, among other 
thingSy made the following remarks : — 

''When, by the direction of the United States Government 
ten or eleven years ago^ the narrowest part of the Gulf-stream 
was examined, figures were obtained which shut out all idea of 
its ever reaching our shores as a heat-bearing current. In the 
narrowest part, certainly not more thaii from 250 to 300 cubic 
miles of water pass per diem. Six in )ntli- nftcr'.vard8 that water 
reaches the banks of Newfoundland, and nine or twelve months 
afterwards the coast of England, by which time it is p ipniarly 
supposed to cover an area of 1,500,000 square miles. Tiic pro- 
portion of the water that passes through the Gulf of Florida 
will not make a layer of water more than 6 inches thick per 
diem over such a space. Every one knows how soon a cup 
of tea cools; and yet it is commonly imagined that a film of 
only a few inches in depth, after the lapse of so long a time^ 
has an effect upon our climate. There is no need for calcu- 
lations ; the thing is self-evident." 

About two years ago Mr. Findlay objected to the conclusions 
whieh I had arrived at regarding the enormous heating- power 
of the Gulf-stream on the j^onnd that I had overestimated 
the volume of the stream. He state d that its volume was only 
about the half of what I had estimated it to be. To obviate 
this objection in future, in my last ])aper on the heating- 
power of the stream, published in the February .\ umber of the 
Philosophical Mat^azine for 1870, 1 reduced the volume to one 
half of my former estimate. But taking the volume at this low 
estimate, it was neverthdess found that the quantitr of heat 
conveyed into the Atlantic through the straits of Florida by 
means of the stream was equal to about one fourth of aU the 
heat received from the aun by the Atlantic from the latitude of 
the Strait of Florida up to the Arctic Circla 

Mr. Findlay, in his paper read before the British Association, 
stated that the volume of the stream is somewhere from 294 to 
333 cubic miles per day ; but in his remarks made at the close 
of Dr. Carpentrr's address, he states it to be not grenti r than 
from 250 to 300 cubic miles per day. I am unable to recou- 
cile any of those figures with the data from which he a])pears 
to have derived them. He stated in his paper to tin British 
Association that " the Gulf-stream at its outset is not aune tliau 
39i miles wide, and 1200 feet deep," From all attainable 
data/' he says, be computes the mean annual rate of motion to 
be 6^*4 miles per day ; out aa the rate decreases with the depth, 
the mean velocity of the whole mass does not exceed 40*4 miles 
per day. But when he speaka of the mean velocity of the Gulf* 
stream being so and so, be must refer to tiie mean velocity at 
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some particular place. This is evident ; for the mean velocity 
entirely depends upon the sectional area of the stream. The 
place where the mean velocity is 49'4 miles per day must be the 
place where it is 39i miles broad and 1200 feet deep ; for he 
is here endeavouring to show us how small the volume of the 
stream actually is. Now, unless the mean velocity refers to the 
place where he eivesns the breadth and depth of the stream, his 
figures have do hearing on the point in question. But a stmm 
8^ miles broad and 1200 feet deep has a sectional area of 8*97 
square miles, and this, with a mean velocity of 40*4 miles per 
day, will give 443 cubic miles of water. The amount, according 
to the estimate taken in my last paper, is 459 cubic miles per 
dav; it therefore exceeds Mr. Findiay's estimate by only 16 
eabic miles. 

Mr. Findlay, so fnr as I am aware, doe-? Tiot consider that I 
have overestimaled the mean temperature of the str«^aTn. He 
states (Brit. Assoc. lieport, ]869, p. IGO) that between Sand 
Key and Ilavanna the Guh-streani is about 1200 feet deep, 
ancl that it does not reach the summit of a submarine ridge, 
which he states has a temperature of GO"^. It is evident, then, 
that the bottom of the stream has a temperature of at least 60°, 
which is within 5^ of what I regard as the mean temperature of 
the mass. But the surface of the stream is at least 17*^ above 
this mean. Now, when we consider that it is at the upper parts 
of the stream, the place where the temperature is so much above 
65°, that the motion is greatest, it is evident that the mean tem- 
perature of the entire moving mass must, according to Mr. Find- 
lay, be considi rably over 65°. It therefore follows, according to 
lii> nwn data, that the Oulf-stream conveys into the Atlantic an 
amount of heat equal to one fourth of all the heat which the 
Atlantic, from the latitude of the Straits of Florida up to the 
Arctic regions, derives from the sun. 

But even supposing: we were to halve ^Ir. FuuUay's own esti- 
mate, and asauiiie liiat the vuiuiucof ihc stream is equal to only 
222 cubic miles of water per day instead of 443, still the amount 
of heat conveyed would be equal to one eighth part of the heat 
received from the sun the Atlantic. But would not the 
withdrawal of an amount of heat equal to one eighth of that re- 
oeived itom the sun greatly affect the dimate of the Atlantic ? 
Supposing we take the mean temperature of the Atlantic at, say^ 
56°; this will make its temperature 295° above that of space. 
Extinguish the sun and stop the Gulf-stream, and the tempera- 
ture ought to sink 295°. How far, then, ought the temperature 
to sink, sn])pnsing the sun to remain and the Gulf-stream to 
stop ? AVouid not the withdrawal of the stream cause the tem- 
perature to sink some 30°? Of course, if the Gulf-stream were 
withdraw u und every thing else were to remuiu the &ame, the tein- 
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peraturc ot the Atlantic would not actually remain 80° lower than 
at present; fop heat would liow m from all sides aud partly 
niake up ior the loss of tha stream. But nevertheless 30'' re- 
presents the aiiiouiit of temperature maiutaiued by means of toe 
beat from the stream. And this, be it observed, is taking the 
volrnne ct tbe itnun «t a lover ettbuile tlian even Mr. Findby 
mmld be willing to edmiU Mr. Findliy says that, by the time 
tlie Oulf-streem leeohet tlneihores €f EDgland, it is tappoeed to 
cover e tpeee of 1,600,000 square miles. " The proportion of 
water that passes through the Strait! of Pkirida will not make," 
aaya Mr. Findlay, "a layer of water more than 6 inches thick 
per diem over such a space." But a layer of water 6 inches 
thick cooling 25** will give out 579,000 f^ot-poundH of heat per 
square foot. If, thrrcforc, the Gulf-iiitrL'am, as Mr. Findlay as- 
serts, supplies G inches per day to that area, then every square 
foot of the area gives oiY per day 579,000 foot-pouiidji ot heat. 
The ainuunt of h( it received from the sun per square foot in 
latitude 55°, whicli is not much ahove the mean latitude of 
Great Britain, is 1,047,730 foot-pounds per day, taking, of 
coune, the mean of the whole year ; conMefimtfy ikiB layer ef 
wUr gwn mU m ammmi tfkttU equal to more tkm one half ^ 
all that if received from ike eon. But aaanmmg that the stream 
•hoold leave the lialf of its heat on the American shores and 
carry to the shores of Britain only 12^^ of heat, still we should 
have 289,500 foot»pouiuls per square foot, which notwithstand* 
ing is more than equal to one fourth of that received from the sun. 
If an anronnt of fu nt so enormotts oaooot affect climate^ then 
what r.'iii possibly do it? 

1 sliail just allude to one other erroneous notion which pre- 
vails in regard to the Gull-stream ; hut it is an error whieli I 
by no meaus attribute to either Mr. Findlay or to Dr. Carpm- 
ter. The error to which I refer is that of supposing that whcu 
the Gnlfoitream widetta out to hundreds of miles, as it does 
before it reaehea oar ahofca^ ita depth mnat on tkia aeeoont be 
naoh leta than when it iaaoea from the Onlf of Meiieo. Althoof^ 
the atnam may be hundreds of milea in breadth^ Uieie ia no n^ 
eeasity why it should be only 6 inchea, or 6 feet, or 60 fiwt» or 
even 600 leet in depth. It may jut aa likely he 6000 feet deq> 
ift 6 inchea. 

The reaeon why such diversity of opinion prevails in regard to ^ 

Geetoii^currenit* 

In conclusion I venture to remark that more than nine tenths 
of all the error and uncertainty which prevail, both in regard to 
the eanae of ocean* eurrents and to their iuilucncc on climate, is 
dnc^ not, as is genenlly luppoicd^to the intrinaic difficnltiea of the 
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subject, but rather to the defective metbofls wbieh hnve bitberto 
been employed in its investigation — ^that is, m not treating the 
subject aLcordnigf to the rigid methods adopted in other depart- 
ments of piiysics. What I most particularly allude to is the dis- 
regard paid to the modern method of determining the amount 
of effects in absolule measure. 

Bat let me not be misundentood on this point. I by no 
BMtna suppoie tliat the abttduie qmaUity b the thing always 
required for ita own sake. It it in moat caaea required aimply 
as a meana to aa end; and very often that end ia tne knowledge 
of the rtioHve quantity. Take, for eiample, the Gulf-atream. 
Suppose the question is aaked, to what extent does the heat con- 
Tesfed by that streaipinfluenee the climate of the North Atlantic 1, 
In order to the proper answering of this question, the pnneipnl 
thing required is to know what proportion the amount of heat 
conveyed bv the stream into the Atlantic bears to that received 
from the sun hy that area. We want the relative pro jH>r lions of 
these two quantities. But how are we to obtain them? The 
only way we can obtain them is by determining first the absolute 
quantity of each. \\q must first measure each before we can know 
BOW much the 4Mie is greater than the other, or^ in other worda^ 
before we ean know their relative proportiona. In regard to the 
abeolnte amount of heat received from the ann by a g^ven ares 
at any latitude, we have the meana of determining this with 
tolerable accuracy. The aame cannot be done with equal accu- 
racy in regard to the amount of heat conveyed by the Qulf- 
stream, because the volume and mean temperature of the stream 
are not known svith certainty. Nevertheless we have fsnfficipnt 
data to enable us to fix upon such a maximum and mmimum 
value to th< sc quantities as that every one will admit the truth 
must he somewhere between them. In order to give full justice 
to those who maintain that the Gulf-stream exercises but little 
luriuence on climate^ and to put au end to all i ui ther objections as 
to the uncertainty of my data^ I have taken a minimum to which 
none of them aiirely can reaaonabl^ object^ vis. that the volume 
of the atream ia not over 230 cubic milea per day, and the heat 
oonveyed per pound of water not over 12^ nnita. Calculating 
from these data, we* find that the amount of heat carried into 
the North Atlantic ia equal to one eighth of all the heat received 
from the sun by that area. There are;, I presume, few who will 
not admit that the actual proportion is much higher than thia, 
probably as high as 1 to 3, or 1 to i . But who, witho\it adopting 
th<' method 1 have pursued, could ever have come to the conclu- 
sion that the propoitum was even 1 to 8 ? lie might have 
guessed it to be 1 to 100 or 1 to 1000, but he never would have 
guessed it to be 1 to 8. lience the reason why the great iu- 
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floence of the Gulf-etretm m r heating^ageDt has been so much 

underestimated. 

The same remarks apply to the prmvitation-tlK ory of the canBC 
of currents. Viewed simply as a theory it looks very reasonable. 
There is no one acquainted with physics but will admit that the 
tendency of the difference of temperature between the equator 
and the poles is to cause a surface- current from the equator 
towtrda uie polea, and an under^mmiit from tbe polea to tlie 
equator. But before we can prove that tbii tendency doea actu- 
ally produce ancfa cnrrenta^ another qneation most be aettled, 
lia. is tbia force which tends to produce tbe motion roffieiently 
strong to overcome the reaistance of the water to go into motion? 
Dr. Carpenter has never attempted to prove that it is ; he has 
aimply tiedcen it for granted. But when we apply the method 
to which I refer, and determine the absolute amount of the force 
result inii: (rnv.) thr flitft rence of specific gravity, wc find it to be 
not that powerlul thirig which the aHvocntrs of the prnivitation- 
theory suppose it to be, but a force so inlinitesim;d as not to be 
worthy of being taken into account when considering the causes 
which produce currents. 

[To be continued.] 



XXX. T%e Solid Crust of tlie Earth eannof be thm. 
By Archdeacon Pratt, M,A.,y F,R»8, 

To the Editors of the FhUosophical Ma^affine and Journal 

Gentlemev, 

M1)KI-A IN AY coTisiders that the Solid Cmst of the Fnrth 
• may be tinn — and that, if it be so, the fluid nucleus 
moves exactly as the crust does in ji recession and nutation, in 
consequence of the viscosity of the lluid and the ('^t^enle slow- 
m':is of the motion — and that, in consequence, the late Mr. W, 
Hopkins's argument from precession thui the crust is thu k, at 
least 800 or 1000 mileSi does not stand examination. I have 
already forwarded two lettera to you on this lubject ; and now 
ask you to publish a thirds to show why the ibntmea of the mo* 
tion has nothing to do with the question. 

Hie particles of the earth's mass have much mofe to undergo 
than performing this slow motion. They have doling the 
twenty- four hours of the earth's rotation to undergo a varying 
strain whidi no fluid, even viscous, could sustain. The force 
producing; the slow motions of precession and nutation is the 
result of the near balance of a multitude nf ff>rr!^ acting thruucli- 
out the mass, almost equal and opposite to each other. Suppose 
of two itiuid molecules in contact one only is acted on by a minute 
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foree equal to one millionth of a grain weight. Nn doubt ito 
neighbour, by friction and viscosity, might be induced to move 
on with it. But suppose one were acted on by si forrr of one 
whole grain plus one millionth ot a grain, and the other by one 
grain in the opposite direction. If the particles were rigidly 
connected the pair would move on as before, as the difference of 
forces is the same. But if they are tiuid particles, however vis- 
cous, they would part company. Now this represents the con- 
dition to which the particles of the earth's mass are perpetually 
being subjected, as I propose HOW to show. 

2. Let S be Uie mass of the smi, e its distaaee from the earth's 
centre ; let the axis of « be drawn through the sun from that 
centre as origin, the plane of ^ being the ecliptic. 

The attraction of the san on any particle of the earth's mass 
is S (distance)^ towards the sun. The disturbing force of the 
sun on this particle relatively to the earth's centre is the resultant 
of this force and a force S acting on the ])articlc parallt l to 
the axis of a?, away from the sun. When these two forces are 
resolved parallel to the axes of coordinates, very small quantities 
of the second order bcinjr neglected, and S put = and 
forces tending /rom the eai th's centre reckoned positivCf the three 
disturbing forces on the particle parallel to the axes are 

8, I will take the first of these firsts na. parallel to », 
On the sun-side of the plane yz it is always positive ; on the op- 
posite side it is always negative. The aggregate of the forceson 

all the particles on the one side will produce a resultant force 
drawing the earth's mass towards the sun, and the rcnnltant on 
the opposite side will be an equal force drawing it in an oppo- 
site (iiiection. These two equal and opposite forces would act 
at the same point in the plane yz (viz. the eaitii's centre) if the 
earth's mass were syniinptrically arranged about its centre. Owing 
to the slight deviation troni tiiat arrangement, the hrst resultant 
force will act at a point extremely near the centre, bat not at the 
centre ; and the otiier force paraUel to it at an equal distance on 
the opposite side; so that the two foreea will produce a meeha- 
ideal ''couple/' with a very short "arm/' .the moment of which 
will be a very small quantity, although Uie two forces arc not so 
small. I at preient assume the earth's particles to be all rigidly 
connected together. The couple will tend to make the earth 
revolve round a diameter at right anglea to the plane of the 
couple and lying in the plane ys. 

The eflTcct of the sun's action will therefore be to put the 
earth's mass in a state of tension in the direction of the line 
joining the earth and sun, tending every instant to separate the 
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two ansymmetrical hemiafpheroids into wbieh the plane yx sepa- 
rates it The disturbing forees parallel to y and z will, on the 
other hand, proHnpp romprpf^ftion \n direction?? parallel to tho^e 
lines. These also will produce two couples, ot sniiill moment, 
tending to make the earth rotate round diameters ))erpendicular 
to their planes and lying in the planes rir and xy respectively. 

4. It is not difficult to calculate these forces aiul their mo- 
ments about the axes. 1 will do thisi tirst^ suppoamg the earth's 
mass to be homogeneous. 

Let / be the longitude <tf iSbit wm^ m the obliquity of the 
eeliptic^ a the meni ndiiie of the eerthi c the elliptieity. Then 
the eqnatum to the rarfiiee U 

«*+y'+jr*=«*(l +€) — 2€(j? flan/ sin o-fy cos /sin 

=aHl + €) -2€(D«+Ey + Fz)V 

vhere 

Dssin/sino), E=5 cos/sino), Fsscoso); 
the square of the elliptieity I shall neglect ; 

*aB-2D(Ey+Fif)e± Va^{l +€)^^^^--2«(%-|. Fj)«. 
It win be conTenieat to put for a time 

7/ + 2EFr€ = Y, and +<(i-F))=«. 

Then the values of x will be 

ir»-2D(Br4-Fjr)«+(l+I?f) 4/1 +2e(F«-B«)(i^-.j^ ^Y«, 

and the limiting values of \ in the plane yz will be 

and the limiting valaea of g will be +«. 
As it will be uaeful^ I will write down the value of s*: 

The whole fofce parallel to # on the hemispheroid nearest the 
sun 

negleeting the small term in < eompared with the first, lliis ii 
llie fiffoe ef ^mteii sostained st every instant by the seetion of 
the esrth by the plane yM, there being an equal foree drawing 
the oprpoeite half in the opposite diieotion. The force of essi* 
^remon perpendieular to the planes xz, xy will be half thia. 

5. I must now find the moment of the forces parallel to £ 
about the axes of r\nd z. I will here once for all say that 
those iiiomcnts nmII be reckoned positive which tend to turn the 
earth about the axis of a* from the axis of y to the axis of about 
y from a to x, about s from x to y. 
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Moment about exit of jr ol fbrceB panUel to # aatiiig on the 
mib-iide of the plane yz 

a&Y^ /ipBBtf^e after all ndnotiona. 

There will be an equal moment, and in the same direction, on 
the opposite side. Hence 

Moment about axis of jr of foieea panllel to jtb YjiiTipDEa^e. 

Similarly we obtain by integration, 

16 

Moment about axis of y of forces parallel to#iB ^^^v/ipDFo^i 
n * n if y=-^f*p£Ffl»^ 



» n " n w y— 15 

If 



„ M * II w Jfw + jg7r/if)EFa^e, 

If If Sf If M 

Compounding these. 
Moment of all tke forees about axis of 4f s 0^ 

fi » II y=— ^TT/^pDiVc, 

„ n II xr= + y7r/i.pDEfl^e. 

6. If the earth's mass be regard as kelerogmiemiM, as it 
and arranged in layers of small ellipticity inereasing from tiie 
centre towards the surface, it is easy to see that these expressions 
are true of each of these layers — ^vbich equals the difference be- 
tween two homogeneous spheroids, if ^(o^e) be put forpo^c. 
Henee for the whole earth, 

Force which tends to separate the parts divided by the plane yg 

1 C d.i^. 

Moment of the forces about dr= 0, 

•f y^^^i^^^^p^j^^i 

II II *=+|wf*DEjp^^<iii. 

Substitating for £, F, these two moments are, by meeha- 
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mcB, equal to one moment 

about a diameter in the plane ys, making an angle ^ with the 
axis of y such that 

tan ^ eot tt-i- cot /. 

7. In the accompanying 
diagram let Q, P be the poles 
of the ecliptic and earth on 
the mean spherical surface of 
the earthfO tihe earCh'a centre, 
Q P 9 tiie Bobtitial oolure, Y 
^e vernal equinox, V G the 
equator cutting the plane y z 
in G. Then P Q 6 equals i, 
the sun's longitude, QP=:», 
the obliquity. Then, by sphe- 
rical tritroiiometry, as PG = 
90"", wc have 

co« COB PQG s ~ cot QG . cot QP, 

/. tan QG = — cot w -r- cos /= tan yjr. 

Hence QG='^, and OG, the line in which the plane of the 
equator intersects the plane yz, is the diameter about which the 
distiirbinp: ffircc of the sun tends to make the earth revolve. 
And the angular accelerating force round that diameter 

mm ^^wfk ain/ain t» v^l — sin" / ain* <o^P ^ 
the diviior being the moment of inertia of the earth, 

= —3/^ sin ^ sin o> i — sm^7^ on. 

This will generate an angular velocity about OG in the time M 

^Sf/^ Bin I am (a ^/i^am^ I 69, di* 

But the earth revohrei round its axis OP. The combined 
effect of these two angular velocities is^ that it will revolve round 




where 
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another axis OP', such that P' is in the great circle GP, and 
sinPP': ainP'G : : au^ular velocity about G : to tiugular velocity 
ftbont P. Henee PF being extremely small, and n being the 
earth's angelar velocity of rotation. 



PF sSf^ain / sin c» V^l — ain^ / sin^ fl» *4> fi. 

The instaiii the mass tends to revulvc round a new axis OP', 
close to OP the principal axis of greatest luouieiil (us the earth's 
axis ia), the eentrifugal force of the unsymmetrical parts will 
eanse OP to move up to OF j that is, not merely \a there a nev 
axis in space about which the earth revolves, bat the earth's own 
axis of figure moves up to it. 

Now resolve this small space PF perpendicular to and along 
PQ, and integrate, to get the whole effect during one revolution 
of the son (that is, of the earth about the sun), by which l=n!t, 
n/ being the earth's mean motion about the sun. Hence, since 



sec-^s: v^l— nn^/sin"^ w aiu o) cos 

space moved over along FQ 

= JPF cos QPF= - JPF cos ^-T- siu I 

= — 8ft/Jcos/sin*fl»i{r-^fiiifsO, from /sO to /s29r. 

Hence, though tliere will be nutation of the axis, the value of 
PQ or the obhquity will, in a whole revolution, be unaltered. 
Space moved over by P at right angles to PQ 

= JPF sin QPF=JPF sini^ sin /=3/t/sin to cos a^arnVdl-i-nnf 

sSwiifsinttCOSfls-i-fm^sdi^'Bincvcosai^n, .'. fk^tl*. 

This, measured along the ecliptic, =37r^'cos w -r- n, and coin- 
cides with the usual expression for solar annual precession. An 
exactly similar expressiou is true for the moon's acUou, supposed 
to move in the ecliptic ; being the mean motion of the moon 
about the earth, the Innar monthly precession will be 

811;^" cos (0 -r n. 

Hence the whole 

Anniial Freeeiaami sS/'^^^^lSO^* 



8. The calculations of the Figure of the Earth* make 
/=(H)0818e; also 1^ *Mi:s 865*26, n/' -Mif « 86626 -S- 2782. 

* 8eem7'Meohaiiksl?hi]oioiihy,'dbspler onFigarsof the£srth. 
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These^ when substituted, make 

Annual Freoetaipn sB^V*d^» 

9. Were the material of the earth not highly rigid, the par- 
ticles would yield to the strain which I have shown woudd be per- 
patoallT coming upon tbem, ^oing through its changes every 
tmlva lM>iin» md would daaisribe reentering conrea on the suw 
Iwea of infimteaimal ellipaoNuk. The reiult would be Umt the 
aMii eouM not be transmitted through the iiiaaa« and pneaa« 
■on and nutation would not oecoF. 

Observation makes the annual pmeaBion s60^« And the 
result of the above calculations, viz. 51"'3G, is vpry near this. 
This near coincidence ahows bow highly iri^d the eaith'a inasa 
must be. 

10. but It may be thought that if the iuterior is fluid, and 
the solid part only of a certain thickuess t, the crust to be moved 
being a lesa mass than the whole eartli, the observed precession 
might «till coincide with what calculation would bring it out, as 
theaetion oi the aun and moon (m the aolid cruat womd be less, 
and the preaanre of the floid would periiapa compensate for anj 
difference. Thia I propose now to examine. 1 wiU> hoirever, 
previottaLy, in thia paragraph, calcukte the quantity / for a ahell 
or solid crost. 

Let a and a be the mean radii of the outer and inner aurfocea 
of the cruat. In thia caae 

This ratio, it will be easily aeen, is a larger quantity than when 
0=0, or for the whole earth. For the larjger • ia m larger is €$ 

and therefore the elementary terms in the numerator of / for 
only the crust arc the largest of all the terms of / for the whole 
earth ; and they correspond term hv ivrm with the terms hi tiic 
denominator. Hence for the cru&t Jf larger (hau tor the whole 
earth. 

Suppose, as uoiial, that /jsQgin a; then by the Figure 
ofthe£arth, 

(1 — -|-s)tangtf-f — 
,=„ f"'^ . S?„ jJ?" ,1.,,, 

t9irxqa—qa Unqa 

where U b iadepMident of 

The admmtes (or a thin cniat eonaider 100 miles sdlciiuft. 
This is one fortieth of the radius, the square of which may be 
n^leeted, Celi^ ihen» i the thip.kBeaa» and eajimid i 
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after redaction : e is here the ellipticity of the crust. Now by 
the Figure of the Earth, 

.-. /, for the crust, =0 00375. 

This is larger than it is for the whole earth : see above* 

11. Now I must consider the aetiim of the sun and moon on 

the fluid, and so on the crust by pressure. I shall suppose tliat 
at the instant nnrlor consideration the fluid is, as M. Delaunay 
supposes it to be, arranged and movin<r just a'^ if it were part of 
the solid mass of the earth, but capHhlc of cDuiiiiumratiiig pres- 
sure. The forces actinor on the liuid arc the cLiitrifugal force 
arising: from the earth'w rotation, the attraction of the sun and 
moon, and tlic attraction of the crust and liuid. These last and 
the eentnf«|[al ferae eannot diatorb the position of the axis, 
owing to the symmetry of the eruat. Nor can any constant 
meaanret tiie aame on every part of the inner rarfaoe of the croat. 
EenOB I shall rejeet all oonatant terms in the expression fatp 

Th« 



at the aorfue. The equation of eqniUbriam, then, taking only 
the am at preaen^ ia 

In calciilatinpr the effect of the pressure on the crust, I shall 
neglect m p iUl til uia depending on because otherwise I should 
be iutroducing terms depending on the square. This is clear ; 

the amaUnaaa of the moment of tiie preaaure ariaes from the 
near aymmetry of the figure, and therefore the near balance of 
pfeaanre on opposite aides of the eentie.^ Now eonaidering p to 
be a function of r, we hav^ aa « ^ r ia independent of 

putting G for the definite integral, and rejecting the coustnut 
term. The cosine of the angle which the nonaai at any point 
of the inner surface of the crust makes with the axis of x is 
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Tfaisy multiplied hyp, is the preasme panUel to the uds of 
aod the projection on the plane yz of an element of the aorfiioe 
stdjf dr. The pressore at the point xyz parallel to s will act in 
the flame line as that at the corresponding point when x is taken 
negative. We may add the two effecta together ; thia will strike 
out terms in which odd powers of * oecur, and will simplify the 
formula* Thus, 

Moment of pressure parallel to x ahout jr 
— Jpfi^, ^ (lSy+ Pr).(l- ^) .y 

after reduction 

So of the others : — 

Moment abont y of pressure parallel to xss ^ Tr/iGeDPtf*, 

„ JP „ „ y= TT/xGcDEo* 
w « „ „ jrss 7r/iGeBFa», 

These six uiuments are the same as 

Moment abont axia of 0, 

Thcs^; arc precisely analogous to the result of paragraph 5. 
Hence putting 

^Q^for?D^'^=8/Da% or 4^ for/. 



D bemg the densitjr of the surface, the effect of the fluid pres- 
sure on the crust will be to inerewef by 

5 Ge 5e fv ^ 5€(1-C08g«}a 

r28 m = eS^E^i ^ = -ei^idii^ F 

_ 5e »ec 7a — 1 a . 
6-i tan ^ 
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By the Figare of the Earth, cjs, tan = —2, sec q&^i — 1 '2872. 
Then, putting /as 100 tnile8,/is inereased hy 0*012115. 

The effect of the fluid would thus be greatly to incieafle the 
preoessioQ. Thk mcreue woold^ moreoverj take pUioe if we 
allowed any reduction in the pressure in conieqoenee of viaoo« 
mty. The friction of the fluid iu contact with the solid crust 
would be a minute quantity not comparable with the effect of the 
fluid pressure. 

12. Hence, finally, from paragraphs 8^ lOj and llj 

Calculated Precession for solid earth . . . =: 61"*86 



Ditto for soUd crust 5P'86= 61"-41 

Ditto for effect of fluid s 51« d6s 198'-41 

From both causes^ the thinness of the crust and the action of 
the fluid pressure^ the Precession would be increased by a quan- 
tity so perceptible as to show that, even if at auy instant the 
crust and the fluid revolve alike, this could not continue. It 
also confirms the previous conclusion in paragraph 9, that the 
earth's mass can be neither clastic nor fluid to any great extent^ 
but must be highly rigid — as Sir William Thomson has already 
shown from independent calnilations rcprarding the tides. 

If tlie advocates for a tliui crust say that the pressure at any 
point in the interior is so euormous, owing to the weight of ma- 
terials above the poiat, as to hold the j)articles firmly together 
and enable even the fluid })ortions to sustain unaifeeted the 
strain to which they arc perpetually being subjected, I say tiiat 
the interior must have lost its fluid properties, and is actually 
solid, and that with such a high degree of rigidity as to bear 
and communicate the strain which comts upon it; any yielding 
would be fatal to this effect. Pressure has in that case turned 
what was liquid at a certain temperature into a solid rigid massj 
DOW at a lower temperature ; and the result is, that the interior 
is solid, not fluid ; which is all I am contending for. 

13* I have shown in this communication that the slowness of 
the motions of precession and nutation can in no way justify the 
supposition that the interior of the eartji, were it a viscous fluid, 
would move exactly as tlie solid crust does; for in the produc- 
tion of those motions, slow as they mav be, the mass has to un- 
dergo a stram which no fluid, even if viscous, could sustain. 

It may be thou<rht, perhaps, that nevertheless the latter part 
of iiiv paper may uliow us to suppose thai the iiitenor is lluid, 
and the crust, though solid, yet not rigid, but possessing a cer- 
tain degree of suppleness, so that, though the precession would, 

Pm. Mag. 8. 4. Vol. 42. No. 280. Oct. 1871. U 
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as I show above, beeonuderably larger than the obwrved amount 
(5(y''l) if the crust were rigid, it would be reduced to the ob- 
served quantity owing to its yielding in some measure to the 

disturbing forces. This, however, is answered by Sir William 
Thomson's investigation on the Rigidity of the Earth. He shows 
that if the material of the earth yielded as little as even a globe 
of steel or glass would under the action of the disturbing forces 
of the sun and mouu, the effeet on both thetidrs and the preces- 
sion would be very jxTceptible, and both wouhl be less than for 
a rigid tai ih. Tins we know is not the case. 1 thinkj therefore, 
that geologists must submit to the verdict that the crust of the 
earth is very thiek, if not solid to the centre, and moat be con- 
tent with the idea that there are local seas of lava in the crust 
itself to account for volcanic phenomena. 

John H. P»iiTT. 

Gdeiittii, AagQit 6, 1871. 

XXXL On the Aeium ofLighi on Qdorme and Brmnme, 
Btf Dr. E. Budub, of the Unkertiiy of Bonn*. 

IN the course of an investigation on the combustion of explo- 
sive gaseous mixtures and on cstalvtic action in which I 
am engaged, I frequently had to apply the well-known propo- 
sition of Favre and Silhermann and Clausius, according to 
which the molecules of most elementary gases consist of two 
atoms; and in the experimental prosecution of deductions drawn 
from this hypothesis I have arrived at some rather remarkable 
results with regard to chlorine and bromine. Assuming the 
hypothesis to be true (and certainly it is as probable as Avoga- 
dro's theorem and the equality of specific heats of gases for equal 
volumes), it naturally \riu\s to the conclui>iou that the so-called 
combination of two elementary gases must in general be pre- 
ceded by a splutmg up of their molecules into isolated atoms, 
and that consequently such a combination will be promoted uy 
any inllueuce which mduces a separation from each uiln of 
equal atoms without hindering the combination of the unequal 
ones. 

Now it is known that in chlorine, through insolation, there ia 
induced a higher degree of chemical activity. This fact might be 
accounted for in two wa^s — (1) by assuming that light increases 
the attraction between the atoms CI of chlorine and the atoms k 
of the respective other body, and (2) by assuming that light 
teruk to resolve, or actually does resolve, tlie chlorine molecule 
into its constituent atoms. Of these two hypotheses the former 
does not appear very probable — the less so, as, for instance^ in the 

• CommanicBted by the Author.- 
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•otion of light on ehbride of lilver we observe a direct aevering 
of the ooonexion between Ag and CI,— >while the hitter, a priori 
at least, does not provoke any objections. Adopting it for the 
moment, there remains the open question, whether we are to 
imagine that the rays of the light actually split ap the moleculea 
Ci^ or only that they loosen their bonds of union, so as to faci« 
litate a complete separation by the affinity to CI of the foreign 
atom k. Theoretically speaking, the out' kind of action would 
appear as probable as the other; m tact I see no reason against 
their coexistence. But the former one, if it be true, must 
have some remarkable con sequences, which may easily be tried 
by experj limit. Jlence 1 was induced to pursue it more closely. 

1 ttjisuuic Liiat light in general Jiuuiiiihes the force uniting Cl 
with Cl, and that occasionally, through the cooperation of light 
and internal motion (heat), a molecule, Cl% it actually split up 
into its eonstitnents Cl^ + CP. 

If the chlorine is mixed, say, with hydrogen, it is easily seen 
that these free atoms will readily eombme with the atoms of the 
latter, and may even (if their number rapidly increase) induce 
an explosion. But if the chlorine be pure, then the isolated 
atoms Cl will fly about like independent molecules between the 
nndecofflposed molecules Cl*; occasionally two of them will 
meet and reunite, so that Anally, in case of a constant intensity 
of light and constant temperature, there will he renrhed n state 
of dynamical equilii)riuni, where in any given moment the uum- 
ber of molecules .sj)liL up will exactly ecjual the number of mo- 
lecules relbrnied. In other words, insolated chlorine always 
contains a certain proportion of free atoms (increasing, no doubt, 
wilh ihe intensity of the light) ; and this, together with Avo- 
gadro's theorem, leads to the conclusion that free chlorine, 
through insolation, mcrea$eB in specific volume, the more so the 
more intense the active portion of the rays falling upon it. 

Moreover it is extremely probable that the rennion of isolated 
chlorine-atoms involves a production of heat j if so, the rays of 
high refrangibility would do a kind of work which ultimately 
leads to a (be it ever so small) stationary increase of tempera- 
tare. Hence theiinal conclusion to be arawn from our assump- 
tion is, that cMorinc irhen fii posed to "chemical" rays must cx- 
jjfind, but when brougJU back iiUo the dark reanUrad toils original 
normal volume. 

This proposition I havetested by experiment and found correct. 

The apparatus used was a Leslie's differential thermometer, 
which was tilled with chlorine and illuminated with various parts 
of a solar spectrum produced by means of" a gla>s prism. The 
bulbs were of 5-G eentims. diauicter ; the connecting tube had a 
bore of about 1 millimetre. In the first experiments the bulbs 

U2 



Uigiiizea by CjOOgle 



292i Dr. £. Budde on the Aciim ofl^ht 

were closed by simply svaling them up, subsequently by i 
of 80ldeied-up glass stopcocks. Concentrated aulphnric acid 
previously saturated with chlorine served as index-fluid. The 
viscosity of this liquid renders the thermometer rather nnsensi- 
tive ; yet I preferred it to any other on account of its stability 
and its small vapour-tension. Only in a few confirmatory expe- 
riments I used chloride of carbon, \jG\\ as indicator, in order to 
show that the phenomenon observed waa not caused by the action 
of the sulphuric acid, and also to form an idea on the duration 
of the rcaetion [v'uh infra). The bulbs were so placed that either 
of theui could be exposed to any portio!i of the solar spectrum; 
their distance from the prism wiried from 1 to 2 metres ; and 
theu' shadows, according to their po-ition, covered from one third 
to one sixth of the visible part of tbe spectrum. The index was 
illuminated with gas-light, and its position observed with respect 
to one of the cross wires of a telescope. 

Equilibrium of temperature having been established, the cross 
wire was made to coincide with the end of the index, the light 
then made to act, and the variation in the position of the index 
observed and estimated. Let us designate one of the bulbs by 
A, tbe other by and call positive any motion of the ind^ 
from A towards B ; then the results of one of the seriea of ob- 
aervationa may be stated as follows : — 



Iliuminatioa of 



Dnplicenieiit 



A. B. of index. 

Ultra-red + red. Dark. -{-^ to 1 miUim. 

Ked+ yellow. „ +i millim. 

Blue + violet. „ 5 to 6 millims. 



Trace of blue + violet \ 
+ ultra-violet. J 



Dark. 6 to 7 



Ultra-violet. „ 4 

Dark. Red. — or less. 

„ Violet -f-adjoiuuig rays. —5 miihms. 

Red and yellow. Ultra-violet, limit. not measurable. 

The whole of the red\ Violet cud of the i « * o n- 
end of the spectrum./ spectrum. » to 8 miUmis. 

Dsrk. Dark. + ^ millim.* 

The experiments were repeated several times with substan- 
tially the same resnlts ; only it occasionally occurred that the 
sulphuric acid would not move at all ; but lu such cases it would 
no more obey a slight increase of temperature ; and when tbe 

* Instead of 0 ; as the tenet of obtervatioiit extended over about tirea^ 

minutes, this ^mnll difference is e*sUy SliCOUntBd foT a fl igh t diffievtoes 
in temperature of tbe bulbt. 
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apparatus wm emptied and refilled, the anomaly in its working 
disappearrd. The displacements were rather slow, and some- 
times took several minutes to attain their maximum; but this 
• IS satisfactorily accounted for by the viscosity of the fluid; for 
(1) the same slowness of motion is observed when the instru- 
ment is used as a common diiierential tliennometer in the dark; 
and (2) when chloride of carbon, C Cl^, was substituted for sul- 
phimc acid, the index attained its final ]>0Bition in a few leoonda. 
Henee it may be assumed that the state of eqnilibrium iu inso* 
lated chlorine vny quickly follows any change in the (chemical) 
intensity of the iUnmination. The light I nsed was sunlight of 
only middling brightness, which was reflected by a bad min-or 
and decomposed by a small glass prism ; the ultra-violet " 
above-mentioned only encompasses the rays not absorbed by 
glass. 

Incontestably proved by these experiments is the fact of the 
existence of a substance which npparenflij behaves to " actinic '* 
as most other known bodies do to " tfwruiic " rays. T have 
little doubt that in my experiments it really was the chtiincal 
individual chlorine which produced the effect. In order to get 
further conviction, control experiments were made. 

(1) An ordinary but very sensitive differential thermometer 
(with an indicator probably consisting of coloured spirit) was 
treated quite as the former one ; in the more refrangible part 
of the spectrum no increase of temperature could be observed. 

(2) A diflferential thermometer charged with carbonic acid 
and ether as an indicator behaved in the blue light like the one 
with atr and spirit; according to Tyndall, the contents of the 
bulbs should absorb heat far more largely than chlorine does. 

(3) A differential thermometer charged with chlorine (and 
vitriol) was kept in a water-bath and exposed to direct sun- 
light. By alternately shading the one and the other of the 
bulbs I produced displacemoitsof the index amounting to seve- 
ral centimetres, which I am inclined to ascribe essentially to 
the action of the chemical rays, because 

(4) A CO^ thprniometeTj under the same circumstauces, ex- 
hibited no a* tion ; and 

(6) On shading the bulbs with a plate of blue cobalt-glass, 
about one quarter of the effect of the insolation remained. 

The mere fact that there is a body which shows the phe- 
nomena in question is of great interest, suggesting, as it docs, 
the possibility of constructing an " actinometer " which could 
be read off as easily as an ordinary mercury thermometer. I 
purpose nndertaking experiments in this direction* It is not 
very likely that chlorine (and bromine) should be the only 
BUMtanee to ahow that remarkable behaviour in actinic rays. 
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As to the throrrtical interpretation of the experiments, it 
seems to me that three views chietlj are worthy of being taken 
into consideration, viz. : — 

(1) The assumption which suggested the investigation, that 
hght actually decomposes chlorine moieculcs into clilorine atoms. 

(2) One micrht assume that highly refrans^ihle hght, in acting 
upon chluriiie, was doing a peculiar unknown kind of work, 
which in its turn was changed into heat and thns caused the 
expansion. 

(3) One misht say that the distinction made nnce the tnue 
of Seeheck and Melloni, between heating and non-heating but 
chemically active lays, had no sufficient foundation in fiet, and 
look npon the phenomenon above detailed as a direct proof of 
the existence of bodies which are heated more strongly by violet 
than by red light. It is true, indeed, that that distinction is 
founded almost entirely npon the behaviour of rays towards a 
thermopile covered with lampblack, and therefore, strictly speak- 
injT, applies solely to lampblark as light-nh^^orber. If, for iri- 
stance, red liirht did not hn]i|ien to heat this particular sub- 
stance, we should perhaps not know those rays to be thermically 
active* 

Of the above assun^jttions, the second ap})€ars to me the least 
plausible; while the tiist, on the other hand, is no little sup- 
ported by the coincidence of the rays which make chlorme 
expand with those which are known to render it chemically 
active. 

I have projected additional experiments for the fnrtber dn* 
eidation of the subject ; but as I have no eleetric lamp, and 
hence the poesibility of their being carried out depends entirely 
on the atate of the weather, I oonaidered it beat, in the mean 
time, to publish my present observations aa they are. 

Bromine, according to a few preliminary experimenta, behaves 
like chlorine; other aubatancea than these two have not as yet 
been tried. 

Bonn, Sq>teBsber 1, 1871* 



XXXII. On a Cku ofDMUt Inte^b. 
By J. W. L. OiAiaHBB, rJLA,8., F,C*P,8.* 

THE Theory of Definite Integrals, strictly speaking, is con- 
fined within a very small compaaa ; in fiiet it can aeateely 
be Mid that there exiata a Theory of Definite Integrals in the 
aame sense as we speak of the Theory of Equations, the Theory 
of Gurvesj &e. : the integrals are evuaated, but their properties 
«^ not, as a mle, studied. The majority of wnrka having the 

* Gomaranieated by the An^or. 
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title are devofefl to the evaluation of Integrals by different iso- 
lated methods, which, though well adapted for the purpose and 
intci-estin^, are not connected together as parts of a theory. A 
similar want of system holds with regard to the intcj^rals them- 
selves. Many have been evaluated on account of their use in 
physics, a greater number on account of tlieir intrinsic interest 
or elegance, more still as examples of different and frequently 
highly ingenioas modes of evBluatioii ; while in not a few cases 
it is hard to see what indnoement tempted their aathors to 
spend time o?er tbem. The snbjeet of Definite Integrals, re- 
garded as a acienee, is still rather in the observational than the 
theoretical state; i. e, the results have more resemblance to 
detached facts observed than to a chain of ihcts connected by a 
theoiy ; and so it must for a long time remain. 

Any one who takes up a memoir or work on the subject (such 
as Meyer's Theorie der bestimmten Jnteffrale, published during 
the present year) must at once notice that, except in a tew cases 
such as the Elliptic Functions, the Gamma Function, fee., which 
are usually considered separately, a number of detinite integrals 
are proved equal to certain quantities, without any indication 
being apparent why those givcu should have been preferred to 
others omitted, or, in the absence of any properties of the func- 
tions, for what purpose' they were evalu.iLcd. The tact seems to 
be that every deHnite integral, not so complicated or unsymme- 
trical in form as to be absolutely destitute of interest, which 
admits of finite expression, or of expression in a tolerable simple 
series^ has been evaluated ; and the gaps which occur are due to 
the integrals omitted not being so expressible. Thus, for ez- 
, C^eoibxdae ^ u .T^sin&piir . . ^ 

siblc in terms of ordniary functions. The number ul uiint may be 
called principal integrals evaluablc is not kiii;c; and that this 
is the case is not remarkable, when it is considered that there is 
scarcely a function which cannot be thrown into the form of a 
definite integral, while for the evaluation of the latter we can 
only employ combinations of algebraical, circular, logarithmic, 
and exponential quantities. For the advance of the subject, 
therefore, the introduction of new fundamental functions is a 
necessity ; and Schlomileh, in order to evaluate the second of the 
integrals written above and some few others of allied form, made 
use of the functions known as the sine-integral, cosine-integral, 
and exponential-integraL As soon as it appeared that these were 
suitable primary functions, a large number of definite integrals, 
pFPviously inexpressible, were reduced to dependence on them, 
their properties were investigated, and Tables constructed of 
their numerical values. 
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This procedure was truly scientific, and has extended the 
limits of the science ; and a similar course must continue to be 
pursued, not only with the view of increasing tht- nuuiber of in- 
tegrals which, if need be, could be calculated numerically, but 
also for the sake of making the subject more systematic and ho* 
mctteneoiu in form, w wdl u connecting the diferent residtt 
with more completoaeii and nnitv. 

The hct also, previously alladed to^ of the power of definite 
integrals as a means of expressing other fonctions (such as aoln- 
tions of algebraical and differential equations &c.)) points to the 
value of a good claaaification accompanied by fidl nnmencal 
Tables. 

The chief point of importance, therefore, is the choice of the 
elementary functions ; and this is a work of seme difficulty. One 

function, however, viz. the integral 1 e~''iU, well known for 

its use in physics, is so obviously suitable for the purpose, that, 
with the exception of receiving a name and a fixed notation, it 
may almost be said to have already become primary. I propose, 
therefore, in the present communication to investigate some of 
the most important integrals evaluable by its means, and several 
connected results — and in a subsequent communication, after 
noticing a few of the principal physical results involving it, to 
describe the T.ibles that have been calculated of its numerical 
values, and supplement them by a Table with diiferent arguments, 
which is nearly coin|)lctcd. 

As it is necessary that the function should have a name, and 
as I do not know that any has been sucrcrested, I propose to 
call it the Error-function, on accuuul ol lU earliest and still most 
important use bein^ in connexion with the theory of Prubabiiity, 
and notably the theory of Errors, and to write 



J/ 



e-^dx=ETix (1) 



We then have the following results obtained by obvious trans- 
formations : 

j^*-«^-^<ir=iij;rfap, (2) 

/»<» //r 2 

f «-•(•+»>'(& Erf («+ 6) v'a; ... (4) 
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•1m Erf 0=i ^w, io that 

We know that 

J. ^^'^ 

whence 

« 0 

whence, integrating with regard to c, 

fro 111 (3), aud tiierefure 

This remit is not new ; it ia obtained, tbongb in a different 
manner, in De Morgan'a 'Diff. and Int. Calc/ p. 676. 
From it we can deduce, by Boole's theorem 

m being positive (Phil. Traus. 1857, p. 780), that 

m^^^I?S^=^^'-BrfaA . (6) 

or, taking p changing the values of the constants, and writing 
w for ^, 



i 



I, (a*— 2a)x^ + a* 

Putting « M p we have, as particular cases. 
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The former result eftn be verified by integrating both sides of 
the equation 

with respect to c. 

^-(«-'+A#+r)^ i« simply expressible iu terms 

of the error-function ; for the former 

^e^^A e-^'^iS^ A? = -f-e-^Erf-4-. . (10) 
! J. Vfl 

Integrate both sides of the well-known equation 

j*V-^cos2r«ifc=-^^e"2. ... (11) 
with regard to r between the limits r and 0^ and we have 

that is, 

*-'^sin2rjr — «5-V7rErf-. .... (12) 
sr 2 a 

iiy differeDtiating (llj with regard to r and dividing by r,we 
obtain 



f 

_ ' A 



«- 0 



«a-i »»" '^''-^ J 

r 2a** 



From this we deduce, by integrating with regard to r, 

f '^c-*'" Si(2r«)d:ar=^ - ^^"^S" * ^^^^ 

De Morcran (Diff. and Int. Calc. p. 073) obtained a formula 
whicli, when slightly altered in form and generalized, may be 
written 



j; 

and differentiating with regard to we have 

J. -TO-** 
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Among integnU of leas intmst may be noticed 
J (co«|»-tia|»«)log(l + 

and 

w 

r«"'^*"'***Vti5n?ifc=v/g?Brf9V2, . (17) 

» 0 



obtained from results given in De Haan'a Nouvelieg Tables, 
No. 11, Table 178, and No. 9, Tabic 276. 

There arc several simple formulae iuvolviog the fanctioD under 
the integral sign. Thus from 

J. Va at 



we deduce 



from 



j|E,V„j^.-Li (18) 



QO / 

2tf 



by integrating between limits^ we find 

jW"*-Erf6x)J=^log^ . . . (19) 



and from 



we deduce 



^9 



xe-''''Kd'^dx=^e'^. . • . . (20) 
By the aid of Fourier's theorem, that if 



tben 



/2 i^* 
J[r) = ~ I ^ (^) sin 



we derive from (12), which may be written 
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the result 



In r» dr 7— ( Erf or sin rxirss 



IT* 



in which it is easy to see that we may legitimately pat cos qobO 
and obtain 

ErftfT sin r« <irs= ^ J ^1 . . (21) 

This resalt can also be obtained independently and in a mors 
simple manner by integrating 



0 ^ 



with rcixard to n. 

The weii'kQovvD ioroiula 



a* 



affurds^ ou integration^ 



and Binuiurly iioiJi » 



— tau 



we dedaee 



s. 



Erf « am &r -7- 

t 



+ tan-(^.l)} (23) 

Many otber formulae could, no doubty be found; bat the 
above probably include the most simple cases. When the con- 
stants have imaginary values assigned to them, the results sng* 
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gest the real values of tb« integrab; for example^ write hi (iss-n/^ 
as usual) for b m 

(* 1 *-! A 

and there results 



c-^(co82te-iMo2to)d:r=s ^ e"^ Erf-^, 
and 



whence 



atod 



« - hi ^/w f "75 . , s/tr C7i 

r* 1 *T 

The former result is well known ; and the latter is easily verified 
by differentiatinp; with respect to b and forming a differential 
equation, from wli irh the value of the integral can be deterimiicd. 

As another ejiauiple, writing bi for b m (14). and noticiUK 
that ^ 



we Hnd 



- ~«*{*-*Erf(a^c+^) + .-«Erf(a./c-ii)}. (24) 



wheuce 



Err(aVc+ ~^) + Erf ~^)=2Erfa-/c 

%f S 
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aud WL' have 



i 



~ I e« 8in2«6<roj', . (2o) 

a result which can be verified by forming the differential e«|iiation 

y denoting the integral, which, on integrating ami deter aiiaing 
the constants by the consideratiuu:^ that the result must be in- 
deptudeut of the sign of b, and that when 6=0 it must equal ' 

J Erf (a v^c) , 

gives the same expression for y. 
The result (25) may be written in another form for 



so that 



Erf V'c+ + Eif y/c - -^J = 2e*^* c"'' cos^^^ dlr. 
Erf v^c- -^)- Erf v^c + = 2ie^ J * sin ^ (it-. 



XXXIIL On a new Method of tohing mme Prohkm m the Cat- 
cuius of Variaiion$, in rqffy to Professor Cayley. By the Be?. 
Professor Chaijlis, M,A., F.ILS.* 

IN an article in the Number of the Philosophical Magazine 
for September, Professor Cayley hus expressed his dissent 
from the new method of solving cei lam problems in tlie Calcu- 
lus of Variations which is contained in my communication to 
the Number for July. On carefully considering all that he has 

* GomiDunicated by tbe Autbor. 
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saidj I find that no argument is adduced which does not rest on 
the assumption that the equations Ap — 0 and A = 0 aic necessa- 
rily identical. To this assumption, wlach is made without the 
support of any reasoning, I oppose the general argument, that 
as the two e(|uationa differ symbolically (the former being of a 
degree aupenor by one to that of the other), they cannot be »e- 
ceuarily equivalent^ inaamnch as in that case the symbolic dif- 
ference between them would haye no ugnification, which is con- 
tradictory to the principles of analysis. This h priori reaion I 
proceed to confirm by the following particular considerations. 

There are instances in which Ap = 0 and A=0 are both in« 
tegrable per se, and the two integrals arc identicaL The Pro- 
blem I., solved in my article in the July Number, presents one 
such instance. In other eases, as that of the problem proposed 
by Mr. Todhunter in p. 410 of liin ' History of the Calculus of 
Variations,' only Ap — 0 \^ integrable per se, but the integral 
satieties A=0. In these two classes oi solutions the Calculus 
gives tor each problem a unique result. 

There are also instances in which a solution is effected by nn 
integral oi Ap = 0 which does Jioi satisfy A = 0. This is the 
case with respect to the problem of the greatest solid of revolu- 
tion of given superficial area, the surface being subject to the 
condition of passing through two given points of the axis* The 
diieontinuoos sokition of this problem obtained by Mr. Airy in 
the Number of the Philosophical Magazine for July 1861, is 
deduced exdnsively from the equation ApsQ. In the Num- 
ber for June 1866 Mr. Todhunter has completed this solution 
by proving that it actually gives a maximum ; but in so doing 
ke has expressly excluded the equation A=0. In short, in this 
instance the equation Aj9=0 is treated as if it were independent 
of the equation A = 0. I am entitled, I believe, to say that 
Professor Cayley assent*;, as I dn^ to the solution in question. 
Why, then, does he object to treatmii: A = 0 independently of 
Ap = 0? Tlie result which lie accepts /?roi;£« that the two equa- 
tions are not necessarily equivalent. 

In the July Number T have deduced solutions of Problems II. 
and ill. by an independent treatment of the e(| nation A = 0, 
and have thus obtained, in the case of Probleni 111., the conti- 
nuous solution of the problem of which, as stated above, the 
Astronomer Boval gave a discontinuous solution. The novelty 
of the process I have adopted consists in deriving from the equa- 
tion AsO, regarded as the differential equation of a curve, the 
equation of the corresponding evolute, and then employing one 
of the involutes to satisfy the conditions of the proposed problem. 
In the case of Problem II. the equation of the evolute was ei« 
plicitly obtained, and the appropriate involute could consequently 
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be immediately determined. With reference to this point, Pro- 
fessor Cayley says, *^ after the evolute is obtained, we luiibi take 
not anij involute, but the proper invohite of such evolute/' But, 
as Proiessor Cayley well knows, there is do proper involute of 
any erolute^ because the number of tbe involutes of a given evo- 
lute ia unlimited. What he calls " the proper involute is the 
curve given by integrating the equation ApsO; and on the 
before-mentioned gratuitous assumption that this equation and 
A»0 are identical, he refuses to recognise any involute derivable 
from the latter equation other than that curve. Of course I do 
not admit that this is an argument^ because^ for the reasons 
already urged, I maintain that there is no ground for the initial 
assumption. 

The equation of the involute which gives the solution of Pro- 
blem II. contains f/irrr nrbitrarv constants, because it involves 
the arbitrary length of the cord which, by unwinding from the 
evol nte, describes that involute. By eliuiinatiug the three con- 
stants a difFerential equation ot the third order is obtained, wliich 
is evidently uot identical with the equation A=0 of the second 

order. Neither is it identical with ^ because it cannot be 

satisfied if A = a constant. But it is found that that equation 

of the third order is verified by substituting for ^ and ^ the 

values of these diflferential coefficients deduced from A = 0 

<£A 

and its derived equation ^0. This is proof that the involute 

which may be regarded as the solution of the problem is strictly 
derived from, and exclusively depends upou, the equation A=0. 
The process of derivation by the intervention of an evolute I have 
called a nevr integration^'' as being distinct from the mode of 
solution by ordinary integration. 

The mathematical reasoning with which Professor Caylev con- 
eludes his communication only amounts to a proof that the in« 
tegral of Aj9=0 gives a curve which is included among the invo- 
lutes of the evolute which was derived from the equation A=0« 
I have no remark to make on this result, as I had already ob- 
tained the same in the article in the July Number. 

For the reasons above alle^red, I adhere to the statement made 
at the end of the foruu i communication, namely thnt I have 
succeeded in removinir from analytics the reproach ol ftuliug to 
solve certain problems in the Calculus of Variations, 
Cambridge, September 6, 1871. 
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XXXIV. Cvntrtbuti')m to the Uistory of the Phuifphoms Chh" 
rides. By T. E. Thoefe, PLD., 

I. On the Reduction / Phosphor ijl Drichhride, 

IN his first memoir on Vaniidiiuu, JDr. Uoscoe describf d a 
series of oxychiondes obtamed from vanadyl trichloride bv 
the action ol icducing-agenta. When the vapour of vanadyl tri- 
chloride is passed together with hydrogen through a heated tube, 
a bright grass-green crystalline sublimate of vanadyl dieliluiide, 
VO Cl^ is prodaced in the anterior portion of the tube ; after- 
wards a layer of vanadyl monocUaride, VO CI, la deposit^ as an 
exceedingly light, floeculent, brown powder ; whilst at the ex- 
treme end of the tube beautiful bronse-eoloured platea of the 
divanadyl monochloride, \* 0* CI, are formed, which have the 
appearance of mosaic gold. In this memoir Dr. Boscoe clearly 
pointed out the intimate analogy which exista between the oom« 
pounds of vanadium and those of phoapboroa, araenicy antimony, 
and nitrogen ; and in his subsequent researches on this subject, 
he has so far elaborated this view of its chemical relationship, 
that there is no longer room to doubt that vanadium* is virtually 
a member of the trivaleut group of elements. 

It must be confes.^ed, however, that the triatomie nature of 
vanadium is not very apparent in the oxyelilorides derived from 
the vanadyl triehluride if the simplest fornuiiie derived from their 
analysis are retained ; but if these formulje be doubled, the diffi- 
euUy at once vanishes. The supposition that these oxyehlondes 
possess a greater molecular weight than the vanadyl trichloride, 
may derive some support from tibe fact of the change of physical 
state which accompanies their formation, the lower oxychlorides 
being all solid. Beyond this I am not aware that any fact is 
known to establish such an assumption, unless it be the coin- 
cidence between the atomic volume of the vanadyl trichloride 
and that of the vanadyl dichloride with the formula doubled. 

Specific Atomic Atottiic 
gravity, weight. voUaue. 

V 0 V\' . . 1-83 17;3-8 95 0 

V*0-Ci» . . 2 m 276'Q 960 

According to this view, the formulse of these oxychlorides and 
their relation to the vanadyl trichloride would be graphically 
represented thus : — 

* Communicated by the Author, having been read at die Hsetingof the 

British Association at Edinburgh, Septeuiber 18/1. 

Fkii. Mag. S. 4. Vol. 42. No. 2d0. (M. 187 1 X 
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I. IL III. 

CI CI CI 

I » I 

®-0-CI (^-0-Cl ^—o 

(v)-o-ci c!i 

2 VO Cl» V« 0« Cl* V« 0« Cl« 

And m»t as the V«0«CH is formed by the iuxtaposition of 
two molecttles of VO Cl* minus two atoms of cblorine, so in like 
manner the V* 0* Cl* may be represented as derived from two 
molecnles of V« Cl« mmus two atoms of cblorine : thus. 




So far as I am aware» there is nothing to disprove such a me- 
thod of representation ; it has at least the merit of preserving 
the triatomie nature of vanadinm in these compounds, and shows 
in a simple manner their relation to the vanadyl tridiloride. 

Assuming, then, that the triatomie nature of vanadium is 
established, analogy points to the existence of other oxychlorides 
among the trivalcnt group than those at present known to iis. 
To fultil the relatinn.hip, we ought to have TOCl* T«0*C1S 
T«0«,CI« and T^'O^Cl^ where T represents a member of the 
triatoiinV G-ronp < f f Ic iiiriits. The following Table rt^resents 
these analogies so far as they are complete 
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V O Cl» PO CF Sb SCP 

V^O^CF N«0«C1« A^0«C1«* Sb«0«Cl»t 

V4 0*Cl« 

The V'O'Cl'' wan also prepared by lioscoe by heating VO CI* 
iu a scaled tube wilii fragments of uietallic zinc to a temperature 
above the boiling-point of mercury; in this way the compound 
was obtained in quantity ; and it was easily freed from a small 
quantity of adhering VO CP by heating to 1^ G. in a eurrent 
of dry carbon dioxide. I have attempted to repeat this reaction 
with pbosphoryl trichloride. A quantity of the pare liqaid was 
sealed up together with zinc filings in a tube and heated to about 
400**. The sine was slowly acted upon, and a transparent glassy 
mass was formed at the bottom of the tube. No evolution of 
gas occurred on opening the tube. The small quantity of liquid 
remaining was submitted to distillation ; it commenced to boil 
at about 80*^, and the thermometer gradually rose to 105°, by 
which time t!ic whole of the liquid had passed over. This be- 
haviour appeared to indicate the presene<> of phosphorus trichlo- 
ride, PCl^; and a few drops of the !i(jiiul decomposed by water 
yielded the reactions of phosphorous acid. The quantity was 
too small to admit of fractional distillation, even if the perfect 
beparatiou of the two liquids had been practicable by this method. 

Accordingly three portions of the distillate were weighed out 
for determination of the chlorine, total phosphorus^ and amount 
of phosphorus yielding phosphoric add on decompontiou with 
water. 

I. Betennination of chlorine^ — ^The weighed quantity of liquid 
was decomposed by water in a stoppered bottle, a quantity <^ 
nitric acid added, and the chlorine precipitated with tiirer nitrate. 

0*603^ grm. gave 1*7764 AgCi and 0 0075 Ag. 

Cl found. Calc. for PO CI'. For PCI'. 

7o- 21 per cent. 69 30 77-43 

II. Determination of total phosphorus. — ^The mixed chlorides 
were decomposed by water in the manner above described, nitric 
acid added, and the liquid concentrated. The fluid was then 
made strongly alkaline by aminonia, and the phosphorus preci- 
pitated as the magnesium ammonium compound. 

] '3B43 grm. gave 10077 magnesium pyrophosphate, or 21*09 
per cent. P. 

TIT. Determination of the phosphorus existing as pbosphoryl 
chloride, yielding phosphoric acid on decomposition with water. 

* WsUaee's chlofineiiie seid. f Schseifcr. 
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— The bnib coutainin'^ the weighed portion was broken under 
water, and ammouia and "magnesia-mixture" immediBtdy added. 

1'3965 grm. gave 0 5174 magnesiam pyrophosphate, or 10*58 
per emt. F, equivalent to 52*33 per cent. FO CP. 

These numbers almost exactly correspond to a mixture con- 
taining ( quivalent qaantities of PO CP and PCP. Such a mix* 
ture would give : — 

Found. 

CI 73 17 73-21 

Total P 21-32 21-09 

P givmg PO^ H* • . lO m 10-58 

The vitreous mass remaining in tiie tube fused on gently heat- 
ing, and was decomposed ; it was probably a combination of one 

of the above chlorides with zinc chloride, possibly the ZnCl'-l- 
FO CP, already described by Casselmann*, mixed with tine oxide 

or zinc oxychloride. 

The action of sine at a high temperature on phosphoryl tri- 
chloride is therefore sensibly different from the action of this 
metal on the corresponding vntiadinni compound: in the former 
case the reaction is niamiy attended with the abstractiou of 
oxygen^ in the latter with the abstraction of chlorine. 

II. Note on the Preparation of Phosphorus Sulphuchloride, 

This compound was ^il ^t ])rcparod by Serullas, who obtained 
it by the action of sulphuicUed hydrogen upon the pentachloride 
oi phosphorus, 

PCIHH«8=2HC1 + PSCP. 

This reaction, however, aflfords only an impure product. 
Baudrimont states that this compound is more easily prepared 
by the action of pentachloride of phosphorus on antimony tri- 
sulphide, 

3FCP+ Sb« Sa=2Sb CP+3F S CP. 

It has long been known that phosphoryl trichloride may be 
easily obtained in a state of complete purity by the action of 
pentachloride of phosphorus on phosphoric anhydride, 

P«OH3PCP=5POCP. 

It occurred to me to try whether the sulphochloriile might 
not be produced by the analogous reaction with phosphorus 
pentasuiphide, 

F«S*+3PCi^=5PSCP. 
The materials mixed in this proportion were heated in sealed 

* Aim, der Chem. und Pkarm. voL xeviii. p. 213. 
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tubes to about 150°; in a few minutes combination was quickly 
effected, and the entire contents of the tubes were transformed 
into colourless phosphorus sulphochloride, which boiled con- 
stantly at 12G'^ (> C. at 770 niillinis. baroin. As thus obtained, 
it is a colourless mobile liquid; its vapour is extremely irritating, 
and j)ossef>se.s a sharp aromatic odour, which when diluted re- 
minds one of that of the raspberry. It is but slowly decomposed 
by water. 



XXXV. On the Existence of SvJphur Dichloride. 
By JoBN Dalzbix emd T. K Thobps, PA.2>., FM,8.B.* 

WHEN dry chlorine in excess is passed through molten 
sulphur, a dark red fbming liquid sk>wly distils over. 
This, ou renewed distillation, commences to boil at about 50** or 
60°, and the thermometer slowly rises to 136° or 187S at which 
point it remains stationary, and the orange-yeUow disulphide 
Cl'S* passes over. The fraction boiling below 136° frequently 
amounts to three fourths of the original quantity of liquid ; on 
again submitting it to distillation the same order of things is 
repeated, and but a comparatively small portion distils over 
above 136°. At each distillation the liquid becomes lighter in 
colour, until at length, by lonp-continucd boiling, it assumes the 
bright ycHnw of the disulpliido, and lif ils constantly at 136-137**. 
Thi'^ bdiHviour would seem to indicate the exist ( nf( of some 
compound of chlorine and sulphur, wliicli slowly undergoes de- 
composition on distillation, ultimately forming tiie disulphide; 
and the observations of Dumas and Suubeuan, and of Mar- 
chaiid, Davy, and Kose, ])oint to a body richer in chlorine 
than the disulphide; aud their analyses lead to the formula 
S CI*. On the other hand, Carius denies the existence of sul- 
phur dichloride in the dark-red liquid obtained by heating 
sulphur in chlorine, and asserts that the compound analysed 
by Bumas and others was a mixture in atomic proportions 
of the disulphide with a tetrachloride of sulphur hitherto un> 
isolated (Cl«S« + SC1*= 3CFS). According to Carius, the 
amount of chlorine contained in the liquid, over and above that 
required by the formula S^Cl^ is altogether dependent on 
the temperature. But the fact of the protracted distillation 
required to break up the product into a liquid boding con- 
stantly at 136-137° implies that the excess of chlorine is held 
by some other force thini that of mere solution; and at the 
same time we are not altogether without facts more directly 
indicating the existence of the dichloride. Rose has ubtamed 

• Comrannicated by the Authors, havincr hovn to-m] at the Meeting of 
the British Association at Edinburgh, bepteuibcr 1&7 
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compoundof this body vvith the terdilorideof arsenic, 
and occordine to {intlniu, it yields with the olffines coinitoiiTids 
of the genu al ffii uiula C" U'"C1'S. Hiibncr and Gueruut have 
lately made an observation whiuli tends also to support the idea 
of the existence of this body*. A quantity of the pure chloride, 
8*C1^ vas placed in a atrong freeiing-mixtiire^ asd a eurrent of 
dry dilorine patted through it for aome time, the exeeta of thia 
gas (thftt ia, tDat esdating merely in eolation) being displaced by 
a atream of dry carbon dioxide paned throagh for three or four 
honra. Whilat atill in the freeaing-mixture, a email quantity of 
the chloride waa withdrawn and analyaed, when numbers were 
obtained exactly agreeing with thoee reqmired by the formula 
C1«S. 

We have repeated this experiment with precisely the :;ame 
result. A quantity of pure S* CI' was first prepared : it boiled 
constantly at 136--137°j and was analysed with the following 
resultB ; — 

Found. 

Calculated. , ' < s 

1. II. 



S« . . 64 47-42 
CI* . .Jl 5258 52-48 52 67 

135 10000 

About 20 grms. of this liquid was then saturated with chlo- 
rine, in the manner described by Hubner and Gaeront ; after 
the exoeia of chlorine was removed by carbon dioxide, it yielded 
the following numbers on analysii? ; — 

Fouod. Duviai. Hiabner, 

CakuUited. r • > and Gncroot. 

^ I. 11. . ^ , 

S . ='62 81 07 31-9 30-5 

Ci« , =71 G8 93 tiU-25 6y UO f)ft l r>9-3 

103 10000 1000 99-8 

The cxiatence of this body would therefore appear to be fully 
proved ; for it is scarcely possible that such an agreement can be 
the result of an accidental coincidence. 

From these experiments, therefore, we draw the same conclu- 
sions as thoae deduced by llubner and Gueront, vis. that there 
exist two compounds -of chlorine and sulphur, analogous to the 
nxiflc « of hydrogen — firsts a non-volatile chloride having the for- 
iiiula SCT"^, eorrrspondinf;^ to H*0, which nii fb'stillatton splits 
up into chlui-iiic and the secoud chloride^ Ci'^^ con'eapoudiug 
o p eroxide of hydrogen, 

2C1«8=S«C1« + Ci«. 
• Zeitichr^flar Chemie, No. 15, 1870, p. 466. 
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It will be at once apparent that in one respect the analojry he- 
tweca these chlorides and the oxides of hydrogen is incomplete, 
inasmuch as the mo^t stable oxide of hydrogeu is wairr, into 
which the dioxide is easily converted by heating — whereas the 
reverse of this happens with the corresponding sulphur chlorides, 
the most stable cooipouod being the Cl^, into which body and 
firee chlorine the 8 CI* it resolved on heating. 



XXXYI. On Gauss's Pinitafpramma mirificum. 
By Professor CAVLiiy, FM,S.* 

TAKE on a sphere (in the northern hemisphere) two points, 
A, B, whose longitudes differ by 90°, and refer them to 
the equator by the meridians AE and BC respectively; join 
A, H by an arc of great circle, and take in the southern hemi- 
sphere the pole D of this circle; and join 1) with K and C re- 
spectively by arcs of great circle. We have a spherical pentagon 
A B C D E, which is in fact the " Pentagram ma nuniicum/' con- 
sidered by Gauss, as appearing vol. iii. pp. i81-lU0 of the Col- 
lected Works. Among its properties we have 

the distance of any two non-adjacent summits 
the inclination of any two non-adjacent sides 

so that each summit is the pole of the opposite side^ oi the pen- 
tagon is its own recij)roeiil 

Each angle is the supplement of the opposite side. 

If the squared tangents of the sides (or angles) taken in 
order are a, 13, 7, B, €, then 

l + a = 75, H-/S=6€, l+7=€«i l-i-S=a/3, l+e=/3y, 

eqaivalent to three independent equations, so that any three of 
the quantities may be expressed in terms of the remaining two. 
(This agrees with the foregoing construet ion, where the arbitrary 
quantities are tfie latitudes of A, B respectively.) 

Projecting from the centre of the sphere upon any plane^ we 
have a plane pentagon which is such that the perpendiculars let 
fall from the summits upon the o[)p08ite sides respectively meet 
in a point. This (as easily seen) implies that the two portions 
into which each perpendicular is divided by the point in question 
have the same product. 

Convertel^, starting from the plane pentagon, and erecting 
from the point of intersection a perpendicular to the plane, the 
length of this perpendicttlar being equal to the square root of 
the product in question, we have the centre of a sphere snch 
thai the projeetion upon it of the plane polygon it the penta- 
gramma mirificuni. 

* Comminucated by the Atttlior. 
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I remark aa to the analytical theory, that, taking the on-ui at 
tbr intersection of the perpeiulirukrs, and for the enordiuates 
of the lummits jSj), . . . (a^fi^ respectively, then we have 

where 7^ is the above-mentioned product, or y is the ndiot of 
the sphere. 

Ciimbridge, September 14, 1871. 



XXXVIL NoHeei retpeUmg New Baok», 

Text-books of Science. Elemenis of PUme and Solid Gemeity, Bff 
H. W. Watsok» Jf.il.. eome time FeUow of Trinity CoUege, Cam- 
bridge. Small 8vo, pp. 385. London: Longmaiu, 1871. 

IT is scsroely possible to take an elemental^ treatise on geometiy 
in hand without comparing it with £uclid*s Elements ; and ve 
shall most readily convey to our readers a notion of the contents of 

this volume !)y j-tiilinp; that it covers very neRrly the same ^ound as 
a good i*c-hool edition oi Kuclid ; that is to '^av, it contain*, in sub- 
stRncp, the first bix books and the first tweiity-one propositions of 
the eleventh book, witli such additional propositions and remarks as 
are commonly given in the form of notes. On the other hand, the 
demonstrations of the propositions are in most cases not the same as 
Euclid's, and the order in which they are arranged is materially dif- 
ferent. The work, in fact, is not in any fcnse an edition of Euclid, 
but a distinct and independent treatise on geometry, every pane of 
which showb that a great dea.1 of care anil thought have been be- 
stowed on its composition. It would not be easy in a short notice 
to mention the various points of difference, which in many cases 
extend to minute details ; but the following may be particularised : — 
The propositions relating to areas, corre&jjonding to Euclid I. 35-48 
and II., form a separate book ; the problems are kept distinct from 
the theorems, and form separate sections; the pubjrrt of proportion 
is treated algebraically ; Loci are introduced at the end of the tirst 
book; in several parts Limits are employed; and all the books are 
subdivided into sections : e. g. the book on Planes and Lines in Space 
(a subject which is treated very elaborately) is subdivided into four 
sections, under the head of Miscellaneous PropositionSt Perpendi- 
culars and Obliques to Planes, Dihedral Angles, and Polyhedral 
Angles. Exercises, about 200 in all, are added to most of the 
sections. 

'I'lie first section of the first book is on triangles ; and the starting- 
point 16 an aiiium equivalent to the tamiliar statement that " a straight 
fine is the shortest distance between its extreme points," In Mr. 
Watson's hands, however, the axiom takes the following form : — The 
length of the straight line joining any two points is less than the 
length of any broken line whatever joining the same two points" 
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(p. 5). Oa ttirDing to p. 98, the reaion for adopting this uousual 
form of statement becomes apparent ; and as the point is of some in- 
terest we will let Mr. Watson ?])rnk for himself; — 

" When we speak of one straxght line as being equal to another, 
or iiioie accurately as being equal in length to another, we have a 
very exact and precise idea of what is meant, viz. that the one line 
can be applied to the other ao that the extremitieB and every inter- 
mediate point of the one may coindde with the extremities and some 
intermediate point of the other. So, again, when we epeak of one 
circular arc as being equal to another circular arc of equal radius, we 
mean that the one arc can be applied to the other so that the extre- 
mities and every intermediate point of the one may coincide with the 
extremities and some intermediate point of the other, liut our ideas 
of equality of length are not confined to linea which may be super- 
posed upon one another in this manner, and in practice we speak 
familiarly of the lengths of carves or of circular arcs, meaning thereby 
the lengths of straight lines equal in length to these curves or cir- 
cular arcs, although a straight line and the arc of a circle cannot of 
course be super])o^cd one u])on the other. It is well therefore to 
have an accurate definition of the length of a curved line, which we 
wiii now proceed to investigate." 

The whole of Mr. Watson's remarks on thii> ]}oint will well repay 
perusal. It might not occur to the reader that there b any difficulty 
about the conception of the length of a curved line. He might iay 
that we arc made f^imiliar. by our everyday experience, with threads 
that are flexible and seni-ibly inextensible, and that in consequence 
we have nn more ditiiculty in forming the concc})tion of a perfectly 
tiexible and mexten&ible line, than in forming the conception of a line 
devoid of breadth or thieknesa. Moreover we are famfliar with such 
phenomena as the unwinding of cotton from a reel, or the paying 
out of a rope. Such experiences, he might say. suggest the notion 
of a curved line jmlled straight (or reclined), and that these concep- 
tions could be easily embodied in a definition. In the present work 
the question is thus treated: the nature of a rolling motion is first 
explained, and the result embodied in the following definition : — " If a 
straight line be made to roll upon a curved line, the leugtli of the 
atraight line between ita first and last points of contact with the 
curved line is defined to be the length of the carved line between ita 
first and last points of contact with the straight line/' 

The only objection to this way of looking at the matter is that 
the notion of a rolling motion is less familiar than that of a flexible 
line pulled straitrht. What, however, is of most importance from 
the mathematiciun & point of view, m how the result of the recti- 
fication is to be determined j and this, after the neeeasary explana- 
tions, Mr. Watson states thus : — " If a number of points be taken 
between the first and last points on any finite curved line, and the 
chords between each pair of points in succession be drawn, and if the 
number of sMch points be indefinitely increased, and the length of 
each chord be mdetinitely diminished, the ultimate sum of the lengths 
of these chords is the length of the curved line." In this, we sup- 
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pose, all will agree ; but we do not quite see why Mr. Watson 
should call this statement a definition. If any distinction is to be 
made between definkioiii and txiomt or poatulatesy Miiiely the above 
■tatement it a sort of compound axiom or postulate consisting of at 
least two propositions: vix. (J) that the sum of the chords when 
their number Is Indefinitely incretised will have a determinate finite 
limit ; (2) that this limit will he the length of the curve detioed ai 
above. 

Although tiicrc uic iomt otiier poiuts on which we art liut iucliixed 

to adopt Mr. WatMm*s Tiewa, we willingly allow that bit viewa are 
in all caaee well worth coniideration, and that hU book is tm excel- 
lent treatise on the elementa of geometry. When a second edition 
is called for, we would suggest that some of the diagrams should be 
drawn ag^in. In a bpok of this kind obvious inaccuracy in the dia- 
grams ouglit to be avoided, for the learner's sake ; and this hH« not 
always been done. J^. g» p» 132, AK is obviously not a square; 
p. 138. A B C D E is obviously less than P O ; p. 219, the pentagon 
18 regular only by conitesy ; and so on in aeveral other cases. 

Select Methods in Chemiral Analyais (chujty Inorganic). By Wil- 
liam Crook his, F.R.H. ^'c. Ulustruttd with 22 woodinUs. Lon- 
don : Lonf^mnns. 8vo, pp. xvi and 468. 

It has been the intention of the author to provide the student with 
a laboratory contpamou coutainmg mlurmation not usually fuund in 
oidinary works on amdysia. The methoda here placed at the stu* 
dent's disposal have all appeared during the last twelve yeara in the 
' Chemieid News.' of which Mr. Crookes u the well-known editor; 
bnt in this work they are systematically arranged, and the compiler 
assures vs that he has tested most and improved aorae of then 
(p. iii). 

The "contents " are divided into chapters; aud in each chapter a 
group of the simple bodies is discussed, modes of separation from 
all the preceding bodies being then given. Attention is very pro- 
perly paid to the rarer elements, whose presence is unjustly 
Ignored in most treatises of this kind. But the work of ayatemati- 
zation spoken of in tfie jirrfacc does not proceed very far ; it is 
limited, as in mo^t other manuals, to natural -history grouj)Ing. 
Even here the results are occasiouaily oj>on to question. Does 
magnesium, fur example, as closely resem bic burxum, sslruuuuin, or 
calcium aa they reaemble each other ? Yet all four metala are daised 
together in Chapter II. An entire chapter intervenes between gin* 
cinum aiid aluminium. Iron is divorced from manganese, sUver 
ftom lead. It would probably be better to reject the natural-history 
method altogether, and follow the order of the atomic weights ; at 
any rate, we should then !.< ] roceeding on an intelligible principle) 
open to little dispute, aud cuaducive to fresh comparison. 

The " preparations " incidental to analytical work are nodoed 
here and there. Thus very good methods are given for making pure 
aulphuric acid, pure lead, zinc, &c. ; on the other hand, the way of 
majking phosphorous add (p. 337) leads to no usefol result. Most 
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of the " processes " promise well, and appear to have been selected 

with considerable care ; not a few of them have been repeatedly ve- 
nlied by the constant use of chemists. Terreil's inaccurate method 
for determining cobalt (p. 151), however, is a decided blemish. 
Chapter XIV., un gas-analysis, is too short and deficient by leaving 
oat of mention many of the great improTementa io the meMOiemcnt 
of gases that have been' introduced MUte years. To the few pages 
devoted to organic analyiit, an account of Ladenburg's method ought 
certainly to have bcon annexed. We m-\\ add, also, that the author 
does not, as a rule, by any means sutiicicntly mark the nature and 
extent of his own contributions ; and he has given to America 
methods a prominence which is peculiar and very noticeable. 

Mr. Crookea's book is not without its defects ; but it is the first 
ittempt of its kind, and on that score alone would deserve much 
allowance. But the extensive Teiification to which he has subjected 
his material renders it much more valuable and meritorious. The 
pos«^e$»ion of such a treatise caniKJt fail to economize the time of 
the general, but especially of the technological analyst. 



XXX VIII. Proceedingt of Learned Sodeiiee, 

OEOLOOIGAL 80CIITY. 
[Continued from p. 232.] 
Afiril 5, 1871. — Ihcot Morris, Viee-Presideni, in the Chair. 
rPHE following eommunieatiotts were read : — 

1. " On a new Chimteroid Fish from the Lias of Lyme Bqgis." 
By Sir PhUip Grey Egerton, Bart.,M.P,, f.K.S., V.P.G.S. 

This fish, for ■which the author proposed the nnmc of Igchyodus 
orthorhintfs, was represented by a specimen showing the anterior 
fitnietures imbedded in a slab of Lias. It exhibited the charac- 
teriatic dentai apparatus of the Chimsroids, surrounded with sha- 
green, a very large prelabial appendage (six inches long, and termi- 
nating in a hook abruptly turned downwards), and a process which 
the author regarded aa representing the wdU-known rostral appen- 
dage of the male Chima^nnd, but in this case attaining a length of 
5J inches, and covered more or less thiclvly with tn^x rclos, bearing 
recurved central spines somewhat tooth-like in their asjieet. This 
appendage is attached to the head by a rounded eoiidyie, received 
into a hollow in the frontal eaitilage. The dorsal spine, which 
measured 6 inches in length, was articulated by a rounded surface 
to a strong cartilaginous plate projecting upwiurds from the noto- 
chordal axis, and was thus rmdered capable of a considerable amount 
of motion in a vertical plane. This structure also ocourred in 
CaUarhynchm and Chimrrra. 

2. " On the Tertiary Volcanic Rocks of the British Islands." By 
Archibald Geikie, K^m., F.R.S., F.(?.S., Director of the Geological 
Survey of Scotland, and Professor of Geology and Mineralogy in the 
University of Edinburgh. — First ]»a])er. 

In tills commuuicatiou the author gave the first of a serifs of 
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papers whir-h ho proposes to lay before the Society upon the volcanic 
rocks of liritaiii ol' later date than the Chalk, lu a jjreneral intro- 
duction to the whole subject, he pointed out the area occupied by the 
rocks, showing that they are chiefly developed along the broad tract 
which extends from the vmtb. of Antrinit between the chain of the 
Outer Hebridea and the mainland of Scotland, up into the Faroe 
Islands, and even to Iceland. The nomenclature of the rocks wai 
diBcnasod, and the following arrangement was proposed : — 




The age of the rocks was shown to he indnded in the Tertiary 
period liy the position of the Tolcanic masses ahove the Chalk, and 
by their indlnding beds containing Mioi eno plants. 

As an iUnstrative district, the author described the volcanic geo" 
lo^ of the Island of Kigg, one of the Inner Hebrides, and broaght 
out the following poiut.s : — 

1. The volcanic rocks of this island rebt uucoutormably upon 
strata uf Oolitic lige. 

2. They coosiBt almost wholly of a sacoession of nearly horisontsl 
interbedded sheets of dolerite and basalt, forming an isolated la- 
ment of the great volcanic platr an which stretches in broken messes 
from Antrim through the Inner HebrideH. 

3. These interbedded slirets are traversed by veins and dylces of 
similar material-^, tlie dykes li;iving the characteristic north- westerly 
trend with w hich they pass across the southern half of Scotland and 
the north of England. Veins of pitchstono and fclstone, and iutru- 
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tire moaaee of qiurtziferouB porphyry, like some of those which in 
Skye traverse or overlie the liiui, likewise inteneot the bedded dole- 
rites aiul hiisalts of Ei^. 

4. At least two widely separated epochs of volcanic activity are 
represented by the volcanic rockj» of Kigrg. The older is marked by 
the bedded dolerites and by the basalt veins and dykes which, though 
strictly speaking younger than the bedded sheets which they inter- 
sect* yet probably belong to the same oontinnons period of Tolcanio 
act! !i. The later manifestations of this action are shown by the 
pitx hstoue of the Sour. Before tliut rock was erupted, the older do- 
leritic lavas had long ceased to How in thi«* <l!>*trict. Their succes- 
sive beds, widely and deeply eroded by atiuospiH>ric waste, were hero 
hollowed into a valley traversed by a river, which carried southward 
the drainage of the wooded northern hills. Into this valley, slowly 
scooped oot of the older volcanic series, the pitchstone and porpliyry 
couJIees of the Scir flowed. Vast, therefore, as the period must be 
which is c-hronifded in the liuge piles of volcanic beds forming oar 
dolerite plateaux, we miLst add to it the time needed for the excava- 
tion of parts of those plateaux into river-valleys, 'tnd the eoncluding 
period of volcanic activity during which the rocks of the fckjur of 
Eigg were poured out. 

6. Lastly, from the geology of this interesting island we leain, 
what can be nowhere in Britain more eloqnenUy impressed npon 
tts, that, geologically recent as that portion of the Tertiary- period 
may be during which the volcanic rocks of Eigg were produced, it is 
yet separated from our own day hy an interval sufficient for the 
removal of mountains, the obliteration of valleys, and the excavation 
of new valleys and glens where the hills then stood. The amount 
of denudatiou which has taken place in the Western Islands since 
Miocene times will be haidly credible to those who have not ade- 
quately realized the potency and activity of the powers of geological 
waste. Bnbterranean movements maj be called in to account for 
narrow gorges, or deep glens, or profound sea-lochs ; but no sub- 
terranean movement will ever explain the histor}* of the 8cur of 
Eij^jJT, which will remain as striking a memorial of denudation as it 
is a landmark amid the scenery of our wild western shores. 

3. *' On the formation of < Cizqnes,' and their bearing npon theo- 
ries attributing the excavation of Alpine Valleys mainly to the 
action of Glaciers." By the Rev. T. 0. Bonney, M.A., f .0.8. 

Tlie paper described a number of tlicse remarkable recesses, which, 
though not restricted to the limestone dislricts of the Alps, are best 
exhibited in them. The author gave reasons wliy he could not 
suppose them to have been formed either craters of upheaval, or 
by the action of the sea, or by glacial erosion. With regard to the 
last he showed that, even if glaciers had been the principal agents 
in excavating vallc ys, there were some drqnes which could not have 
been excavated by them ; and then went on to ai^e, from the fact 
that glnciers had occupied cirques, and from the relation between 
them and the valleys, that they could not bo attributed to different 
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agents. He also showed that oommonljr the njiper patt of a valkf, 
where the erosive action is perhaps least, is very mudi the steepest, 
and iirf^fd other objections to the j^reat excQvatory powere often 
attribiit**'! to glaciers. He thf^n fli^srribed one or two cirques in 
detaii, and showed that tht y w». re worked out by the joint action of 
many small streams, and of the usual meteoric agents working upon 
strata whose oonflgiiraticm was Ibvoonble to the foimatioiL of eliflh. 

XXXIX. hUelBgence and Misc^anmmt Jrtide$» 

ON THB tnCTKA OV SULPHUR* BT K. O. 8ALBT. 

^HB employment of instruments and methods the delicacy and per- 
^ iieotion of which greatly surpass those of our ovgaaa has often 
entailed difiealties and errors* When spectral analysis is applied to 
the minute quantities of matter which ill the Geissler tobes, we 
often find onfclves in the presence of impurities which can only be 
revealed hv tlie ^jtcctrul rnL'tliod itself; hence uncart aiuties. These 
irapuritiea inny proceed not luerely from the primitive gas, but also 
from that operated on previously with the mercurial air-pump, from 
the nercury of the pump, from the grease of the stopoodcs» from the 
aulphurie acid used as desiccating agent, from matters deposited on 
the surfiMe of the glass, and from the metallic electrodes^ which pos- 
sess the property ol absorbing and afterwards diffusing a certain 

o 

number of gases. One can easily conceive how M. Angstrom, by 

indicating these imj)urlties, recently arrived at the suppression, as 
not belonging to the pure rra?, of all the supplementary spectra of 
hydrogen desicribed by M. WuUiter. But it seems to me that the 
discovery of M. Pliicker is not shaken by these facts, or that, at 
least as regards sulphur, which I hare studied, there really eilst 
two perfeetty distinct spectra-H>ne composed of lines, the otfaw of 
iHinds, and both eharacteristic to the same degree. The first is oh* 
tained by the disruptive discharge ; the second can be produced by 
discharges of less tension, by the incandescence of sulphur in the 
hydrogen-flame, and, finally, though with less distinctness* by the 
absorption of sulphur vapour alone. 

1. Tk0 Electric Spectrum. — 1 enclose the sulphur in a glass tube 
similar to M. Pliicker's, hut not presenting metallic eleetrodea. Bach 
extremity of the tube is surrounded by a brass sheath, which is 
heated hy means of a lamp in order to vaporize the sulphur. Wlien 
we wioh the electricity to pass, we connect the sheaths with the 
poles of a coil or a Holt? machine; and by intiience the tube be- 
comes as intensely luniiiioua as if the electrt)t]<;'s ])enetratcd the inte- 
rior. When an excellent vacuum has been made lu the apparatus 
during the vapoviaation of a large portion of the sulphnr, which di* 
atiUed outside, there need he no lear of the presence of a ^ofe^[(n 
gas ; besides, when sueh a tube is cold, the electridtj no longer cir- 
culates : and, on employing metallic electrodes, even a Geissler's 
tube in which a vacuum has been made over boiling sulphur arrests 
the spark perfectly. The following are the wave-length^ of tl e 
middle of each band observed in the spectrum obtained in this manner 
by heating moderately, and employing electricity of feeble tension : — 
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406 Terybrondind vague. 
418 the same. 

431*5 strung. 
434*5 strong, 
445 

448 strong. 

45S*d 

462 



467 strong. 

470 

475 

479 

483 

487-5 

492 

498 



504*5 Strang. 1 548 strong. 



508*5 
515 

.")22 strong. 

526 strong. 

532 

598 

544 



554 
.5 CO 
564 
570 
577 
581 
590 



No hydrogen or nitrogen-bend is visible. 

2. Spectrum in the fame of Hydrogen. — ^ITiie I produced by press- 
ing the hydrogen-flame, charged with traces of sulphurous acid, 
a*rf^in«»t a layer of cold water falllnsr vertically. The beautiful blue 
light then produced is easily resolved by the prism into bands quite 
similar to the preceding, but some of which are bnghter than the 
corresponding bands of the electric spectrum, so as at first sight to 
present n aomewhat different appearance. Their wave*lengtbswere ir-^ 



396 verybroad and vague. 
404 the aeme. 
408-5 tngae. 

416 
419 

427 strong. 
431*5 strong. 



438*5 

4 44' 5 strong. 

453*5 
457-5 

462 



471 ftrong. 

476 

479 

483 
487*5 

492 

498 stronc. 



504 
509 

515 

faint lines 
as far as to 
550 



467 

3. I examined by transparency a layer of sulphur viipour heated 
to dull redness. When a very powerfal light is employed, auch as 
that of magneaium, in the Uue aome black bianda are perceived which 
nearly correspond to the following wave^lengtha 

471 465 462 very fiunt. 456 445 437 
Here there may be some uncertainty, becaoae magnesium Inmiahea 
some lines in this portion of the spectrum ; nevertheless, as these 
bands are only observed with «ulphur. 1 think they are dae to the 
reversal of the preceding spectrum. 

All these reiultb were obtained with a spectroscope with only one 
prism, as the baud spectra, unlike the line spectra, will not bear much 
dilatation ; therefore one cannot abaolotely depend on the nomber 
which expreasea the millionths of a millimetie. 

I am pursuing the study of the band spectra of the metaUoidat in 
M. WurU'a laboratory.— Camptes Rendu$, 1871. No. 9. 

OSi SOM£ LUMINOUS TUDES WITH EXTERIOA £L£CT&ODBS. 

NOTE BY M. ALVERGNIAT. 

The presence of metallic electrodes (which sometimes become 
strongly heated) in Oeiaaler tabea may occaaion numeroua miscon* 
ceptiona when the light ia analyaed in the apcokroacepe, I'hooe 

electrodes absorb and emit gaaes, may cause cracks in the glaaa } 
and they partly volatilize, 80 aa to tarnish the interior surface of the 

latter. Now it is not necessary to place the rlprtrode? inside the 
tubes, since these can be ciiartred hv influence (as we have p^en in 
the preceding note) without their briglitne^'-- heiiig much diminished. 
Besides, the exterior electrode need nut be a collar ; it may be 
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formed by a glass tube open outside nnd entering the interior of the 
apparatus ; it is into this tube that the metallic electrode is intro- 
duced which serret tbr the pu«>sage of the discharge. ^ 

The phenomeDonof Btratificatioii can thus beobtenredTeiydbtiiictly. 
When the coil is in operation, the production of a large quantity of 
ozone around the apparatus it ob8er\'ed ; I intend to take advantage 
of tlii-* ]>oruli irity in order to construct an apparatus stiitaUe for the 
production of that gas. — Comptes Rendus, 1671, No. d. 



OVt Till. AMOUNT OF TIMK NECESSAKV FOR VISION. BY OiJ.Dt.S 
N. ROOD, PROFESSOR OF FIIYSICS IN COLUMBIA COLLEGE. 

In the celebrated experiment ui W heutstoae on the duiation of 
tbe diacliarge of a Leyden jar, the condunon was drawn that diitinct 
viaion ii poeaible in lets than one millionth of a teeond. The in- 
oorrectness of the data on which this conclusion rested was aftop- 
ward pointed out in an admirable investigation by Feddersen, who 
remarks on this point : — " One cannot hereafter a««^ume in o]-h'cal 
and physiological experiments that the discharge of u Ley^im jar is 
an instantuueuus act ; but at the same time, by the determuiatiua 
of the greatest suitable resistance, it will be possible to limit the 
discharge to its least possible duration *' *, llie smallest measured 
duration obtained by Feddersen was one millionth of a second. 

In nn article in SiUiman's Journal for September 1871 I show how, 
by the use of a much smaller electrical surface, I obtained and mea- 
sured sjmrks the duration of who.*e main constituent was only forty 
Vulliaiiths of a second. With their light distinct vision is possible; 
thus, for example, the letters on a printed page are plainly to be 
seen; also, if a polariscope be used, the cross and rings around the 
axes of crystals can be observed with all their peculiarities, and 
errors in the azimuth of the analyzing prism noticed. There seems 
also to be evidence that this minute interval of time is sufficient for 
the production of various Fuhjcctivc optical jjhenomena — lor ex- 
ample, for the recognition of lA>ewe'h rings (using cobalt glass.); also 
the radiating structure of the crystalline lens can be detected when 
the light is suitably presented to the eye. 

Hence it is plain that forty billionths of a second is quite sufficient 
for the production on the retina of a strong and distinct impression ; 
and as the obliteration of the microroetric lines iu the experiment 
referred to could only take place from the circumstance that the 
retina retains and combines a whole series of impressions whose 
Joint duration is forty billionths of a second, it follows that a much 
smaller interval of time will suffice for vision. If we limit the 
number of views of the lines presented to the eye in a single case to 
ten, it would result that four billionths of a second is sufficient for 
human vision, though the probability is that a far shorter time would 
answer as well, or nearly as well. All of wl.ich is not so wonderful 
if we accept the doctrines of the unrlulatory theory of light ; for ac- 
cording to it, in four billionths ol a second nearly two and a half 
miihuns of tlie mean undulations of light reach and act ou liic eye. 
— SillimaD*s Jmmcan JwnMH, September 1871. 

* Pogg. Amm, voL exiii. p. 453. 



Digitized by Google 



THE 

LONDON, EDINBURGH, and DUBLIN 

PHILOSOPHICAL MAGAZINE 

AND 

JOURNAL OF SCIENCE. 

[FOURTH S£RI£S.] 



NOVEMBER I87L 



XL. On the AppJtra/ inn of a Mechdnicnf Kfjunfihii advanced hi/ 
me to the Motion of a Material Point i ound a Ji.-ifd Centre of 
Attraction ^ and of two Material Points about each other. By 
R. Clausius*. 

I HAVE recently, in investigations on the mechanical tbfory 
of heat, advanced a new e(}iintion relative to stationary mo- 
tion +, which is eoDnected with tlie theorem of the minimum 
effect^ but extends to cases to which that theorem does not ap- 
ply. I will here introduce the ecjuatiun only in the forms u inch 
are suitable for the considerations here intended, referring the 
reader to my earlier memoir for further transformations. 

OiTen a nftterial point moving, under the iDfluence of a given 
force, stattonarily in • closed path. Let m be the maw of this 
point, X, z its coordinates referred to a reetangnkr system^ 
X, Y, Z the components of the force operating on it^ v its Tdocity^ 
and t the time of a revolution. All these quantities, except the 
first and the last, are variable in the course of the motion ; hut 
each has a certain mean value for the entire revolution. We will 
distinguish such a value from the variable quantity by putting a 
horizontal stroke over the sign which represents the latter ; so 
that, for example, » will signify the mean value of x. 

Now let us imsgine the original motion replaced by another. 



* Translated from a separate iinpreiakni, cofmnranicsted by the Author, 
from the Nackriehtm 9an der KHmaUeke^ QeaelUekqft dtr fl^tumtetMm, 

1871, No. 8. 

t " Ueher die Ziiruckiuhrung des zweiteu liauptsatzes tier mecbanischen 
'Warmetfaeorie auf alleeroeine mechinitche Principieii/' Sitxmtggbtriekie 
dtr Nuderrkeimtehen Gtsellschaft fur Naivr- u„d Heilkunde, 1870, p. 167; 
Pc^g. Ann. vol. cxlii. p. 433; Phil. Mag. S. 4. vol. xlii. p. 161. 

F&iL Mag. S. 4. Vol. 42. No. 281. Nov. 1871. Y 
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infinitesiniallv different, stationary inutum, \\hich may take place 
ill u different but likt u i^c closed path, with another velocity, and 
under the intluence ol another force. In comparinf; these two 
motions, wc will name the difference betwetu a quantily iclalive 
to the original motion and the corresponding quantity relative 
to the altered motion the vanatian of the qnentitj^ and denote it 
by a prefixed 5 ; eo that, for inatance» 5i will be the Yiriation of 
the time of revolation t. Bat with res^t to the quantities which 
are yariable in the eoarM of every motion, it is necestary to settle 
which values are to be regarded as corresponding values of the 
quantity. This may be done in the following manner. We first 
take, in the two paths^ two places infinitely near each other as 
corresponding places, and reckon the periods of motion from the 
moments when the point passes throngh these places. Then, 
denoting by t the tinu' of motion till any other place in the path 
is reached, with the original motion we put 

and with the altered motion we put 

in v\ liich <^ is a variable uhii h i have nauit J the p/iasr of the 
motion, and, in both motions, increases from 0 to 1 duiitig a 
revolution. If, now, <t> has the same value in both these equa- 
tioni» i and f are corresponding values of the times of mo- 
tion. Thence follow further the corresponding placea in the two 
paths, and the corresponding values of all the other qoantitics 
which refer to the two motions. 

From these explanations the following eqnation (which is the 
simplest form of the one above mentioned) will be inleUigible 



m 



-(X&r+Yay+Za«)-^3s«+mv'^£logf. . . (1) 

When the force wliich operate^ on the moving point has an ^^el 
—in other words, when the components of the lorce can be repre- 
sented by the partial differential ro<-(!icicntH of a function of the 
coordinates of the point lakt-n negatively, which may be denoted 
by U, the equation is trausforincd into 

* In my aboYe-cited earlier inemoir I have ini^stipitod under what cir* 
fumhtancfs the kft-haiK? •^iiif of this fqnntifni may be valid tlic evpres- 
tiun uf the mechanical work done lu the tiau&ition from the one statiunanr 
motion to the other* Into that question we need not enter here, since, for 
inur present investigation a, have not to trace the passage from one sta* 
tinnar\' motion tn another, but only to compare tt^ o givni ststionaiy W/h 
tions ihttenng inHnitely btUe the one from the other. 
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The sum 

most not at once be regarded as the vanation of tbe ergal, and 
hence, if the signification of U be extended so that it shall re- 
preaent the ergal not only for the original, but also for the altered 
motion, cannot at once be denoted by £U. The preceding equa- 
tion holds good, namely, as already intimated, also for the cases 
in which the force operating on the point has undergone a varia- 
tion which can be supposed to be mathematically expressed 
thus : — that one or more quantities contained in the ergal, con- 
stant during one stationary motion, have ditierent values in the 
two motions. In such a case, of course, in tbe determination of 
the vanaLiuii <iL the dilferencc of the cunslauLs must be taken 
into account in addition to the difference of the coordinates. 

But we will now assume that, in the two motions which we 
have now to cohipare, auch a difference does not occur — theereal 
in both being represented by one and the same function of the 
eoordinatesy with unaltered constanta. In this case the above 
auni is the complete variation of the ergal and can be denoted 
by B\] ; and accordingly the left-hand side of equation (2) ia the 
mean value of the variation of tbe ergal, or (which ia the same 
thjng) the variation of its mean value, which is represented by 

BV* For this case, therefore, equation (2) passes into 

«o«^at^>f»i«aiogt (8) 

To this equation we will now give a somewliat simpler form. 
We will hrst traustorm it in the following manner 

»=»i?(i51ogu«+5logi) 

sin^aiog(i^/i^). 

For the product here standing under the logarithm, we will 
introduce a aingle sign, putting 

x=iV?. (4) 

Then our equation ia transformed into 

ao^m^aiogx. ..... (5) 

As- the left-hand side of this equation ia a variation, the right- 
hand side must be ao too. Hence it follows that nw* ia a func- 
tion of X : and accordingly U must then be also a function of V. 

Y2 
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For tbe lalter we will first introdnce the sign of any fanction^ 
puttiog 

t^yix) (6) 

TIio other function also, represented by mt?*, can then be im- 
mediately specified; namely, if/'W signifie* the first derivauve 
from/(XJ, it is _ 

5U=/(X)SX. 

If we introduce this product into equntion ( 5), and at the same 
time replace the vahationoftheioganthiu by its value, we obtain 



whence follows 
or, dividing hy 2, 



^.;«=JV'W (7) 



Further, from (-i) we will form the foUuwmg equation i — 

X 



Putting here for the value which retults from the preeedmg 
equation, we have 

.--V'^^. ...... (8) 

Finally, we will represent yet a fourth quantity by X. Ac- 
cor(liT)<:r to the theorem of the equivalence of rts 9<va and mecha- 
nical work, we have the equation 

in which E ia « quantity which it constant dnring the motieo, 
and which we will call the energy. If the sum of the two vari- 
ables on the left-hand side of this equation has a constant value 
dnring the entire motion, the sum oif their mean values has the 
lame value, and hence we can write 

By inserting here the expressions f rom (()) and (7), we obtain 

B»/(x)+iV'W W 

Consequently, as soon as the form of the functionyi[X) is known, 
we can, by virtae of eqnationa (6), (7), (8), and express bj 
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one and the same quantity A. the lucaii ergal, the mean vis viva, 
the time <>{ a revolution, and the energy* It is of course under- 
stood that we eliminate X from each two of ihcfte equations, and 
can thereby obtain relationa between each two of the four quan- 
titiea named. Let na rappoae thia carried oat by combining 
each of the tet three eooationa with the laat; we thna obtain 
three cqnationay which determine the mean ergal, the mean ti$ 
tnva, and the time of a revolution as fuuctiona of the energy. 
Thia method of determination ia peenliarly convenient for appli- 
cation^ inasmuch as in every motion the energy has a constant 
valae, which can be at once given, if only the veloci^ of the 
moving point in any position is known. 

We now require only to find the form of the function /(X). 
This, of course, depends on the law und( i \\ hich the force ope- 
rates on the point. The determination oi this function is espe- 
cially easy when the force is an attractive force prncppiHng from 
a fixed centre, and is represented by any function of iJie distance ; 
aiid this case we will now consider*. 

The distance of the moving point from the centre of attraction 
may be denoted by r, and the function which repreaenta the 
qoantity of the force by F(r) . If we then pat 

fF'{r)dr=F{r), (10) 

F(r) is the ergal ; and hy introducing thia function in the place 
of Uj equation (6) is transformed into 

W>='M (H) 

If now for any special case of the motion the fui in of the func- 
tion which satisBes this equation can be found, the same form 
will also hold good universally. Such a case ia when the point 
movea round ue centre of attraction ,in a etraUar path, r ia 
then conatanty and we need not take the mean value of F(r), but 
can write aimply 

yW=/(X) (12) 

Further, in this case the velocity also is constant; aud hence in 
equation (4) we can, in the j>lace of the mean value v*, put 
aimply v\ by which it is transformed into 

When, howeveri the velocity ia oonatant, the product m ia equal 

• As the motion of a mnterial point unfirr the influence of a central force 
nee<l not take place in a closed path, 1 nmH ouvv hiok' ^ive proiuincnce to 
the fact that the following formula: are tu be reitrreU only to motious winch 
take plaee in closed |Mths. For the applicatioD of my equation to other 
motions, further special analyses would M neoessaty, which would cany us 
hcsyond Our present limits. 
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to the length of the path ; and aince in our caae the path is a 
ciide with the radiaa we ohtain 

or 

This^ inserted in equation (12) for r, give« 

K^^)=^W (13) 

Hereby the fiinction /(X.) is detennined* By differentiation ae* 
cording to X we obtain farther : — 

For siinpUclty^ we will now introduce the new sign p witii the 
siguiticatioa 

i») 

Vtc llicn obtain 

/W=^'W, (16) 

/'W^gV^'W, (17) 

V'W=pF(p), ...... (18) 

Applying thia to equation (11)^ which haa taken the plaee of 
(6), and to equations (7), (8), and (9)^ we arrive, for the caae 
in vvbicli the effective force is an attraction proceeding from a 
fixed centre and represented by a function of the distance, at the 

folbwing equations: — 

5V)=F(p), (19) 

=.?*ipF(p), (20) 



.... (21) 

li=:F{p)+4pF(^), . • . (22) 

wherein all the functions are known. 

As a still more special case, we will assume that the attractive 
force is proportional to any positive or negative power of the 
distance ; but we will except the minus first power, which, in the 
integration, leads to tlic logarithm^ and hence it will be better 
to treat it specially. We therefore put 
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in wKich Jc and n are constnnts. and the latter ia different froia 
— 1. From tkin, through lutegratioa^ resulta 

aiid bjr employing these forme of the fanctione the above four 
equations are transformed into i-^ 

k — k 



|-^*=^P'*'. (26) 

i=,2-^.y/^.p"'", ... (27) 

EHiuitiatiDg p from the first three equations by means of the 
last, we obtain : — 

^^.^-LtiE, m 

i=2-,r,nik-^^\j^E]^\ . (31) 

lu order, fiaally, still farther to specialize^ we will put for ft 
two definite values which most frequently occur. 

First, we will assume n to be equal to 1. This case corre- 
nionda to the most simple elastic vibratory motions, in which 
the force with which a point that has left its position of equili- 
brium is drawn bad^ toward it is proportions! to the distance. 
For this case the preceding equations are transformed into: — 

|-J^-|p»=4B, (3Ji) 

^v^^lp'^i^> (33) 



(34), 



The last rquation expresses that the time of revolutif)ii is iiulr- 
pcndent oi the elongatiou of the vibrations, and coa»e(^ueutly 
that theae arc isochronous. 
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Secondly, it shall be asBamed that »=: —2, which corresponds 
to Newton's law of attraction, that governs the motion of the 
heavenly bodies. For this case the preying equalioaa become:^ 

-*i=-*J=2E, (35) 

^ 



j-2irY/^./)i=2irAv'm(-aB)"'. 



(37) 



The last equation, which uiay uiiiu be written 
i«=(2,r)'^^» 

ooResponds to Kepler's third law, whteh ia contained in our 
equations as a special case. It must, however, be somewhat 
otherwise expressed than it was by Kepler and frequently still 
is, namely that the squares of the j>eriuds are as the cubes of the 
mean distancei. This is uot strictly correct ; for p is not the 

mean value of r, but ~ is the mean value of The other, more 

P ^ 
accurate form of the theorem, that tlie squares of the periods are 

as the aihes of the major aaes of the ellipses, agrees perfectly with 

our ecjiiation ; for it can easily be proved that p is efjiuii to bait 

the major axis of the elli])sc which forms the path when the 

central force ia of this kind. 

We now turn to the motion of two material points about <^h 

other. 

Let us first assume that we have any number of mateiial 
points which move in a stationary manner in closed paths^ and 
that these motions undergo an infinitely small alteration, so that 
stationary motions in closed paths again arise ; my equation reads 
for this 



- Z(X&F + Y5y + Z5z) = S |- + 2im;« h log i . . (38) 

If the forces operating on the points are such that they have an 
ergal, which we will denote by U, and if we again suppose that 
with the alteration of the motion the ergal remains an invariable 
function of the coordinates of all the points, then we can put, 
corresponding to equation (8) : — 

£U«:&ya^+W£logt. ... (89) 

If the forces operating in our system consist only of the attno- 
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lions and ropiilsions which the itioving points exert on one an- 
other, antl winch, according to any law, depend on the distance, 
it is known that the ergal can be expressed very simply. If the 
force which two points whose niasses arc m and i/i, exert on one 
another at the distance r is represented by mmi(p\/ 1, in which a 
positive filue of Ihe fanctioii eorroBponds to ta attraetioQ^and 
iff farther^ 

then the ergal ia determined by the equation 

U=:2iiim,^(r), 

ID wlueh the ■ammatiofi embraces all the combinatioiis of the 
given points in paifs. Aoeordinglyi for this case the precedbg 
equation is transformed into 

aSiiim|^(7)aS^ai?+Waiogt. • • (40) 

We will now assume, specially, that only two nmterial points 
are given, the nia'^sc^^ of which nre m and aiui whicli move 
about each other uiul* r the intiuence of their mutual attra< ii<Hi. 
In tins case, if we denote by letters to which an index is attaeiied 
all the quantities whicli relate to the second point, we can write 
the preceding equation without signs oi summation, thus : — 

mm^h^) = ^ 5? + ^ Stij + mv^h log t + m^v\h log f|. 

Since, however, in such a motion of two points about eachotber^ 
both points have the same period, t|St, and hence the last two 
terms can be combined. By bringing at the same time the first 
two terms on the right-band side under a common sign of varia* 
tion, we can write : — 

To this equation we can give a still more simplified form* 
For this purpose the relative velocity « of the two points may 
be intiodnced ; it is determined by Ibe following equation s — 

But now it may be readily seen by resolution of the bracketed 
terms that the following equation holds good 

On the condition we have supposed^ that the two points move 
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only utidcr their reciprocal action, in closed paths, about each 
other, their commoa centre of graWty must remiin fised, and 
henoe 

by which the preceding equation ia transformed into 

« 

Exactly similar equations are valid for the t; and z directions ; 
and if we suppose these three equatiuiisi addcd^ we obtain 

mmiti* s (m 4- nil) (mv^ + 

or 

rm;' + mirf = u* (43) 

. . * • m+mi ^ 

If this value of mv^-^niiV* be introduced into equation (41), auJ 
then the product mmi be taken away, the result will be 

For itin ftirtlier a!i1weviition we will write thiB equation in 
the following form : — . 

And here we will again introduce a single symbol for the pro* 
duct which itauds under that of the logaritbiDi putting 



X=iVy», (46) 

fay which we obtain 



This equation can now be treated just as equation (5) was. 
The left-hand side being a variation, the right-hand side most 
be 80 too; and hence i? m oat be a function of X; and thence 
it follows further that ^(r) mnat also be a function of X. Hence 

we pnt preliminarily 

♦(r)=y(X), (48) 

and put to ourselves the question whether, for aii\ special k ud 
of niotion, the form of tlie function f{\) con be louiitl. This 
can be done when the two points so move about each other that 
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tbeir mataal diitance remains conatant. Then we need not take 
the mean value of ^{r), but can write 

♦w=/(A) m 

Farther, for thit case ti also w constanti and equation (46) 
changes into 



The piodoet iu here oocurring has a simple signification ; for it 
is the relative length of the path — ^that is, the length we obtain 
when we conceive one of the points at re«t and ascribe the velo- 
city « to the other. This path is a circle with the radios r ; and 
hence we obtain 

and consequently 

-A 
2w' 

This value inserted in equation (49) gives 

*(^)=/p^)' («» 

and by this the form of the function /[X) is determined. If, as 
before, we introduce p with the sign^cation 

"-if- 

there leralto 

*(P)=/W5 

and by employing this equation, (48) is transformed into 

#0««(f>) (88) 

Returning now to equation (47), according to what precedes 
we can write it m the iuiiuwiug form i-^ 

or 

from whieh follows : — 

M^=(mH-mj)/3(^'(pj. ..... (53) 

When, further, in equation (46), in the place of X we put the 
product there comes 
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or 



Inaertmg here lur tf* iU value from (53) gives 
Lutly, we will oprei* the energy of our syttea. It ia 



mm I 



and eoDsequeutly also 

The values from (52) end (58) inserted here give 

B=jnm,[«^(p)+ip«#»'(p)] (55) 

We have thus again arrived at a system of four equations^ 
(52), (58), (54), and (55) — by means of whkh we represent by 
p the mean ergal, the mean vii viwt, the period, and the energy ; 
or else^ after eUminating we ean express the first three of thM 
qnantities as fonetions of the energy, therefore as fonctiona of a 

auantity whoae value can be given as soon as, for any distanee of 
be two points, their relative velocity is known. 
The four equations here found are of the same form as the 
equations (19) to (22) — which might have been expected, since the 
motion first considered is only a special cane of the one last die* 
cussed — ^namely, the lirnitinLr cnsc^ whicli i'? arrived at by assu- 
ming that one of the masses is so large in propoi tioii to tlic other, 
that (luring the motion round tlicir common ctnlie o1 irravity it 
can be regarded as at rest. Hence it will not be necessary to 
develope the special lornis which the equations here found 
assume when the force is proportional to a power of the distance, 
because they perfectly correspond to the forms previously de- 
veloped. 



XLI. On Canon Moseley's views upon G I <ic%er -motion. 
By William Mathew s, President of the Alpmc Club*. 

IN the Philosophical Magazine for August 1871 Canon 
Moseley has criticised »ome remarks oi mine upon the be- 
haviour of ice-plankb under strains produced by their own trravi- 
tation. The remarks in question were contributed to the Alpine 

* Uommuuicated by the Author. 
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Journal for Febnmry, and to 'Nature' for ^Tnrch 24, 1870, 
where it was pointed out that an ice-plauk G inciics wide aud 2 
inches thick, or thereabout, when supported upon horizontal 
bean I S G teet apart, became gradually deflected, even under a 
temperature constantly below freezing, and was just as rigid in 
its altered as in its orignial form. I regarded this experiment 
aa absolutely subversive of the Canon's theory, that the descent 
of gladm by tbdr wdgbt alone is a meehaiiical imponibilityi 
and in the article in * Nature ' ezpreued myielf at follows I 
■hall not now attempt to disenss the nature of the moleeolar 
displacements to which the change of form is doe. Their oeeur* 
renee is indisputable, and whether or not they are dignified by the 
name of Mkearmff is a mere verbal question of little moment." 
"If the conclusions drawn from the experiments above described 
are legitimate, plasticity must be admitted by the side of sliding 
and fracture and rcfjelation, R'^ one of the constituent elenjcnts 
of the theory of glacier-iiiotinn, and a more inijxjrtaut place in 
that theory must be assii^ued to the views of the late Principal 
Porbes than has for some years been conceded to them." 

It was not, therefore, without sonic surprise that I read the 
following passages in the Canon's recent paper: — "Mr.Maihews, 
however, and M. Ueim after him, as well as Mr. Ball, deny that 
glaeier-iee ahean at all. Tliey lay that it bends.'' " The idea 
present in common to tbe minds <» these gentlemen seems to be 
that in bending so as to take a sety ioe does not shear. In 
this I ▼enture to think there is a misapprehension. In the 
bending of a plate of ice every particle, except those at the points 
of supports is made to move in the direction in which the plate 
is bent-^hose particles which are at the point of greatest inflec- 
tion being made to move furthest, and those nearer to it being 
always made to move further than those more remote; so that 
every particle moves over that which is alongside towards the 
nearest point of support; and being assumed to have taken a set, 
it must have sheared over it.** 

If the Canon will do me the favour to reperuse the para- 
gi*aph from the Alpmc Journal quoted in support of the lan- 
guage which he puts into my mouth, he will see that it has an 
opposite significance to that which he attaches to it* I have 
hesitated, it is true, to identify the molecular displacements of 
the ice-phmk with the Bbearing described by Canon Moseley ; bat 
I shoula be the last to deny that his account of the former pheno- 
menon is a possible hypotbesia. Let us by all means adopt it, 
for the sake of argument, and see to what it leads us. 

The cross section of the ice-plank is 12 square inches. In 
order that a slice of the plank may mofe over the next alongside, 
it must be subjected to a pressure equal to twelve times the unit 
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of shear of ice, or, taking the latter at 75 Ibi., to a pressure ot 
900 lbs. The problem is, how is this pressure to he erenerated 
out of the gravitation of an ice-plank the entire weight of which 
is less than 32 lbs. ? I am curious to see the mathematical rea- 
soniug by which the Canon will perform this feal oi mechauieai 
legerdeDiiin. If he declines it^ may I invite him to consider the 
invene problem^ and to calculate tne iheariug-fbrce of ioe from 
the behanonr of an ice-plank under atrain ? 

My own mathematieai reaonrees are not adequate to the task ; 
but I venture to submit the following as an approximate solution. 
If the whole weight of the plank weie employed in ahearing it^ 
and in shearing it only along the supporting edges, two aorikeef^ 
each with an area of 12 square inebes, would be sheared by a 
force of 32 lbs., or ly lb. per square inch. But, of the whole 
weight oi the plank, one portion is employed in exerting a pres- 
sure upon thr bearers, a second in rxct tiiiL' n stress upon the 
upper half of t]ie plank and a strain iipou the lower, leaving only 
a third portion available for producing shear. And this third 
portion is exerted, not merely at the supporting edges, but in 
sliearing successive slices of the piaiik continuously from end 
to end. The shearing-force therefore must be less, probably 
verr considerably less, than 1^ lb. per sqoaro inch. 

In the Philoaophical Magaiinelbr January 1870 Canon Moaeky 
baa given os a shearing-force varying, in round nnmben^ Iron 
119 to 98 lbs. per square inch. In a subsequent experiment, 
described in his recent paper, he has sheared ice vrith a force of 
68'6 lbs. per square inch. Surdy, by judicions management^ he 
may make still further progress in the same direction. The 
whole of his experiments on shearing, as hitherto conducted, are 
irrelevRnt to the problem of glacier-motion. In an actual elarier 
the dislocated masses of which it is composed are subject to lon- 
gitudinal strains strikingly similar to those of a suspended ice- 
plank. It is possible that under this condition the resistance to 
fiiicanng may he largely decreased ; and this condition was ex- 
cluded in Canon .Moacley's experiments. 

1 iiave compared a glacier to a series of ice-planks, placed 
upon their edges across the channel of the glacier, and occasion- 
ally fractnrin|^ into transverse prisms. The Caoim objeeta that 
a real glacier is much more like a single ice-plank, placed npos 
its lace with its length parallel to the aiis of the channel. I do 
not concur in this opinion ; and if he would take the trouble to 
walk up the Mcr de Glace, from the Montanvert tO the Col da 
Geaut, I think he would see cause to modify it. 

There are other points in Canon Moseley's paper which are 
open to exception ; and these I propose to make the subject of a 
future communication. 
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MugnOB. By J. IS. H. GOK0ON Mi William Nxwall, 
hU&f ShtdmU m th» Laboratoriet af Km^» CoUtge, Lmtdom^, 

THE Astronomer Royal, iu speaking of the effect of tempe- 
rature on magnets (Treatise on Magnetism, p. G8),6ay8:— • 
"The Tatio of change .... is very different with different mag- 
nets; it probably depends on the quality of the steel, possibl^ 
on the mode of magnetisation; but on this point nothing is 
known with certainty.'^ We have been for some time engaged 
in investigating this subject^ and have arrived at a result which 
we venture to hope will not be considered altogether devoid of 
interest. Our plan of proceeding was as follows. We took five 
steel bars procured from different makers, each bar about 5 mil- 
limetres in diameter and 80 millims. in lenii^th. We observed, 
Ist. The full ill magnet power for 1° C. between 'JO°nnd 50'^. 
2nd. The specific p-invity tif each bar at two temperatures ; 
and from this we deduced the expansion rate. 

.3rd. The chemical compositioDj s. e. the percentages of iron 
and ui iiiipurity. 

To ascertain the variations in the magnetic power, we used a 
magnetometer of Mr. Becker's make. The scale is about 2 
metres tong ; it is curved to a radius of 2 metres^ and is placed 
at that distance from the suspended magnet* The scale is di- 
vided into millimetres^ each of which corresponds to 51*5 seconds 
of arc. It is illuminated either by a lamp or by sunlight re- 
flected from a mirror. The magnetometer was firmly clamped 
down upon a table of brickwork. The scale stood on the boarded 
floor. Its three legs were firmly screwed to the floor ; and one 
end was wedged against the wall. A curtain cff black linen 
with a hole for the telescope to come through was suspended 
behind the smle so as to form a background. On the base of 
the magnetometer, near the opposite end to that at which the 
mirror is suspended, is screwed a plate of ivory about 12 cen- 
tims. s(iuaii' by G uiiUims. thick. On this lies the box whieh 
contains the disturbing magnet. The ivory is to prevent the 
heat of the bo.x exj)anding the base and altering tiie distances. 
The box (which is of brass) is about 85 millims. long, 60 
high, and 100 broad as the instrument lies« At each end is a . 
ciredar hole 20 millims. in diameter. In these holes are in- 
serted disks of eork with holes in them^ in whieh the magnet is 
fixed. When the magnet is fixed in position the corks are coated 
with shellae varnish ; and while it is still wety slips of glass 
warmed over a spirit-lamp are placed over them. This makes 
a perfectly water-tight joint. In the top of the box aie fixed 

* GwnnmiMeled by the Authors. 
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two smiU tubes for water, and one larger one for a thermometer. 
The connexions from the water-tubes to the supply and waste- 
pipes are made by means of india-rabber tubing, so that no jar 
.can be transmitted to the box. On the base^ at each end of the 
ivory plate, is fixed a brass upright with a boriiontal set-screw. 
The ends of these screws press on the glass clips just over the 
ends of the magnet, and keep the box in its ])hce. The water 
supply is conveniently arranixf d so that by turning one tap hot 
water is made to circulate through the box, and by turning an- 
other cold water is seiit throiigh. 

The thermometer is by Casella, divided on the stem ; and on 
its scale the division representing 1" C. is about 1 millim. long. 
In the earlier experiments the readings were taken at 20^, 25"^, 
30^, and to 5QPC.; afterwards it was found more accurate and less 
troublesome to take readings alternately at 20° and 50^ C. The 
bars were hardened by heating them to dull redness (t. e» about 
630^ to 530^ C. (Dantd)) and plunging them into cold water. 
They were then magnetised by being plaised in a helix belonging 
to an electromagnet containing 35 lbs. of insulated wire. The 
helix was excited by from 4 to 6 pint Grove's cells. After being 
magnetised, each bar was dipped alternately three or four times 
into basins of hot (about 80°) and cold water. This was to 
remove any magnetism which would be permanently lost by a 
rise of 2(f to 50" C. The specitic gravities were taken in the 
ordinary way ; the balance, however, was not good enough to 
make it worth while' to correct for the buoyancy of the air. The 
apparent specific gravities in water at C. (60° F. un l at 

37°-7 C. (100° F.) were taken. They were imiitiplitd by the 
specific gravity of water at those temperatures. These specihc 
gravities were calculated from data given by Dalton (see Miller's 
'Elements of Chemistry/ vol. i. p. 249, § 133). They were 

at 15°-5 C 0-9940 

„ Sr-r C 0-9883 

If there is any error in these values it will merely uticct the 
value of our constant, not its constancy. The analysis was con- 
ducted as follows, the percentage of iron only being determined, 
and the amount of impurities inferred from it. A standard so- 
lution of permanganate was first prepared by dissolving about 
2 gnns. of the pure crystallized salt in 1 litre of distilled water, 
this solution being standardized in the ordinary manner by dis* 
solving 0*6 grm. of pure iron in dilute sulphuric acid and testing 
with the permanganate solution, when it was found that 1 cubic 
ccntini. (if the solution equalled 0*007573 grm. iron. Pieces 
were chipped off the magnets, carefully cleaned, dissolved in 
acid, and tlun tested with the solution^ when the followiog 
results were obtained. The analysis is as foliowa . — 
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Pereentag* of 
iron. 



Meaa> 



Bar B 



Bar C ... 



Bar D 



BvB 



Bar F 



98-203 

98-275 
97 841 
,98 477 J 

98-225 
98-484 
98-422 
97-571 J 



{98-839 \ 
99-122 \ 



98-453 
98-581 
98 611 
96764 

97- 575 

98- SM 



N.[i. Tlicsp two just 
balance each other. 
When both an re- 
moved the BMaa ia 
99125. 



98431 

98 Sh2 
f fH;7il 

89*698 
99-508 



9B'177 



98^ft 



98-OM 



99-lSS 



Amount o£ 
impurity in 
lOO.UOO paru. 



I974H> 



We wiU now give the results of tht> magnetic detenu iuutions. 
F = the fall for 1^ C. expressed as a decimal of the deflection 
at 20^ C. 

BarB. BarC, 



Tempe- 
ratvre. 


DcOeeCioB. 


FaU in 
80*. 


P. 


(Tempe- 
Iratnre. 


DaioettoB. 


EUlin 
800. 


F. 


o 

20 


5585 




1 






1 

1 o 
50 




296 








50 




546 




k12-2 




20 


308 






12-0 




20 


5580 










50 




296 








50 




543-5 








20 


308 










20 








.12-8 


«e 
to 


50 




895*5 




lf-5 


g 


50 




540 








20 


308 










20 


548 




i 






50 




295-5 








50 


•••••• 


584 




.11-5 




20 


308 






12-7 


1 


20 


543 










50 




295 








50 




630-7 


■ 






1 20 


307 5 










20 


542 






12-4 




50 




294 




12-5 




60 




588-5 








1 » 


8055 










Mean deflection at 20^ =550-7. 
Mean fall =12-2. 


j Mean deflection at ^O"" =307 2. 
1 Mean fall =12-42. 
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Bar D. 



Bar £. 



1 1 cuiiic* 


DeflectioB. 


Pall in 

rwi in 


F. 


50 




155 












• 7*0 




50 




169 






20 


163-0 




* 




50 




1552 


8-3 


o 

s 


20 


164-0 






50 




156-0 




20 


164 0 






§ 


50 




156 5 




20 


164 








50 




1567 






90 


1642 


■ • • ■ • • 







Tempe- 
ntura* 


Dctectioii. 


Pall in 


o 

50 




551-5 


■ 




20 


566-6 






157 


50 




550 






SO 


MS 












54r8 




157 


20 


562 








50 




546 






20 


561 






15-5 


50 




545 






20 


5597 








50 
20 


550 


543^ 




- 


.15-8 



F. 



Mean deflection at 2ih =56^ 2. 
llam6U»l5*67. 



Meau lieflectiou ai :^i> iuo ti. 
MeMilUl=7*0. 



Bar.F. 



Tempera* 
lure. 


DeiectioB. 


FklltDSO^. 


F. 


0 

50 


•••••• 


3277 








20 


838*5 






IS'4 




50 




8S45 








80 












60 


>•••■« 






140 


S 

mm 


20 


m-4 


•«•■•• 






s 


50 




8S5 








SO 


839-5 






14« 




50 




asis 






20 


339 6 










50 




925*5 




14-8 




SO 


341 




* 






Mean deflection at 20*»=88«-5. Mean fall = 14-15. 



For C the mean of four detenDioations of 1 F by the old 
method (t. e, taking observations nt 25=, 30°, &c.) gives 
'001329933. The mean of thia and of the one given above is 
•001838745. 
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Bar. 


Specific gravity at 
16° 6 C. 


Spocific gravity 
at 37^-7. 


Decrease 
m ■pcviuc 
gravity 
for 

mm m V* 


Specific 

OVA V if V 

graviiy 
at 20°, 
calcula- 
mi, —V, 


Pall in 
Im\l lu 

Specific 
gravity 
per 1 " C. 
as a de- 
cimal of 

SDCCific 

gravity at 
20**. =#. 






COF- 

ractad* 


Obaervad. 


Cor. 


8 


7*845 


7*798 


7*888 


7-780 


HM8 


7-788 


-000878 


C 


7-880 


7*688 


7-888 


7-784 


•860 


7*810 


*00QW7 


D ... 


7W 


7'«11 


7-88S 


7*868 


«088 


7*880 


•000088 


B 


78M 


1 


7780 


7-818 


7*888 


•078 


7*748 


•000419 


F ... 


7-8n 


\ 


7-888 


7-889 


7-787 


-060 


7*888 


•000087 




Bar. 


G'. 


0ecreue in 
BMifnetic 
power for 
1 « C. M a 

docininl of 
magnetic 
power at 


Amount 
of impu- 
rity in 

im),(ri)0 
parts, 
=P. 


T^gP. 




ro* 
• 


• • 


B .. 


471-48 


()(K)738466 


1320 


3- 1 2057 


265-8 


1252-4 


4 712 


C 


478-05 


•001338745 


1823 




341-3 


16120 


4 723 


D ... 


438 98 


•000928042 


1325 


3-12221 


266-6 


1249 6 


4-687 


E ... 


464-5,3 


•Ofll.'i.'jOlO 


1970 


3-29446 


362-9 


171S-8 


4-736 


F . 


478-64 


•001389101 


877 


294300 


2121 


1674-7 


77 


Mean of BCDE=4-714. 
Extreme error (D)=0*57 per ( CTit 



The difference in bar F is immeniei but is, we think, aceounted 
for by the feet that the bar ia not homogeneous. Magnets cat 
from different pieces of it gave valnes of (F) varying from *0013 
to 0020, while the specific gravity varied from 7-771 to 7-836. 
Without this, the want of agreement in the analysis is suffideut 
of itself to show that the bar is not bomogeneons* 

We think it most likely that the impurity, when heaped np at 
the poles or centre of the magnet, would have a very different 
effect from what it would have when evenly distributed. 

To sura up, for any homogeneous steel bar hardened at dull 
redness, the law which seems to hold with some exactitude 
is ; — 

Z 2 
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If F = the decrease in magnetic power for 1° C. expressed as 
a decimal of the magnet power at C, 

G as the epecific grmvUy at UKr C«, 

0 = the deereaie of apedfic gravity for 1^ C. esprened as 
a dorimal of apecific gravity at 20^ 

F s the number of parts of impurity in 100,000 parts of 
the steel (all that is Dot iion being called impimty)» 

then — 7- s a ooostant. and the constant is 

4-714. 

It may be worth while to mention that 

Bearding it in this form may throw some light on its mode 
of sction* 

We p&rtiealsrly wish to mske the reserration that the law 

holds only for homogeneous bars of the same hardness. 

We hardened our bars by plunging them into water when 
they were at a red heat, just visible in daylight in the darkest 
comer of a room. Wh^ tempered there is a slight difference^ 
though we cannot say in which direction. When hardened at a 
full red or approach! 112' a white heat, thr magnet power increases 
and tile \ a!ne of F diminishes eonsi(l( liiitiv. 

M'c hope to make some mea<«urcmLitLs of the effects of hard- 
ness on the magnetic power and the value of F the subject of a 
future paper. 

When the effect of hardness on the value ot' F is determined, 
our constant, which we venture to name the " Thermo-magnetic 
eimUMt o/flee//' will merely hare to be multiplied by afonetion 
of the hardness to make it of universal application. 

Almost all the quantities ooneemed are absolute, the only 
measures referred to being the Centigrade sesle, and the assump* 
tion that the specific gravity of water at 4° C. =1'000. 

We are only beginners in scientific work, and by no means 
wish our measurements to be received as absolutely correct; 
but we think we have shown such a tendency towards a law as 
may induce pome older experimenter to make some determina- 
tions of the ( uiistrifit with a greater degree of accuracy than we 
have been able to attain, 

August 21, 1871. 
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XLIII. On the Theory Exchmffa. 
By HsNET UuoioN^ MJ}.* 

PBEVOSTS celebrated doctrine, under the above title, wm 
»n ** Bmiiston Theorj of Heat," aod^ having regard to the 
then exuting atate of kDOwledge, waa trndoubtedly a moat inge- 
niotu mode of ezplainin^ the apparent " radiation of cold/' 

The objeetioAa to it, in connexion with Lealie'a diaeovery of 
the influence of surfaee on radiation, have not, I thinkj been 
aufficiently attended to; and after bricdfly considering the matter 
theoretieaUy^ I ahall adduce, aa I believe^ condoaire experimental 
eiridence against it. 

There can be no doubt that tbe ingenious speculations of 
Professor Balfour Stewart and others have contributed to the 
advancement of the doctnne of excbRnQ:e^^ in no small degree, 
as beui? immediately connected with the \\\ ll-kno\vn parallelism 
(or equahty) of the ''radiating and absorbiiii^ powers" of the 
same body for heat. But to my mind these qualities are essen- 
tially due to the " different capacities for heat " of the surfaces. 
Thna, if two bodies, in a common medium, are equally above (or 
bekm) the temperataie of diat mediumj the tendeiwy of eadi boily 
to attain the temperature of the medium will be perfectly equal. 

Each therefore tenda to radiate (or absorb) the same (aay ^tb) 

portion of ita exceaa (or deficiency) of tempeiatarey and conae* 
qoently each body will radiate (or abaorb) quantitieaof heat pro- 
portional to its " capacity for heat.'' Hence radiation and ab- 
aorption (being both due to the aame quality in bodiea) muat be 
pnmortional to each other. 

Assuming a " wave- theory " of heat, let na suppose a body (A) 
placed in a medium of the same temperature as itself (i. both 
body and medium beinp: in a state of perfect equilibrium as to 
molecular atid Jt'tlu rial vibrations). How is it possible to conceive 
that this body can lose any portion of its vibratory rDotion so 
long as that of the surrounding: nudium continues undisturbed? 
If a body (B), say of a lower tetnpeiature, be introduced into (or 
placed outside) the medium, the vibrations of A are, of course, 
liable to be diminished. But this effect (on a wave-theory aa 
diatingniahed from " emiaaive power ") can only ocenr through a 
diatnrbanee in the medium extending from B to A» whereby the 
equilibrinm which previoualy exitted is subverted. In accord- 
ance with these views, it appeara impoaaibk to admit that a bodv 
ean show any of the effects termed ''radiation" so long as itseu 
and its snrronnding medium are in a perfect state of equilibrium* 

* Communicated by the Author. 
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vibration ; aud hence the idea thai the temperatare of the earili's 
surface cau faU (by radiation) below that of the atillo^phc^e iiii- 
mediately leating on it (aa is asaumed in the received theorv of 
dew-fomiation) I bold to be utterly ontemible. Again, if we 
imagine ancb a body, at any temperature, to exist oUmB in bound- 
less space, it appears to follow (on Prevost's tbeory), wbateverbe 
tbe temperature of the medium, that the Tibrations of the mol^ 
eoles of the body most ultimately cease altogether in ooDseqnence 
of its receiving no return for its own wasted radiation. 




V 



lict AB represent a metallic mirror, in whose focus iC) one 
of the balls of a difi'ereutial thermometer is placed, E a cubic 
canister (two of its adjacent sides bein^ bright metal, the other 
two varnished},? representing a large tin screen. SunposeSto 
be filled with ice-water, and its metdlie snrface facing toe minor. 
The foeal ball will be eMUed, by an apparent radiation of eold" 
from the canister, which is reflected by the mirror to its focos. 
The admirers of Prevost say that E (being colder than A B) can 
no longer radiate so much neat to it as it received (and reflected 
to C) when E was of its own temperature, and therefore the tem> 
perature of C is reduced. Well — let the varnished surface of E 
be turned towards the mirror, and wo fitid a<i a result that C is 
mart' chilled than it had been by the metallic surface ; thu^ a 
more powerful radiation of heat/' which ought at least to di- 
mim^h the previous chill, causes the reflection of more cold to 
the focal ball. I have always considered the above simple expe- 
riment of I/eslie's to be fatal to Prevost's theory of exchanges; 
for the radiation (Irom cither A 13, or C) is assumed to be wholly 
independent of the radiation of £, and conscc^uently we have 
only to eonakler the effSeet of the latter aa m radiator. 

There are manv variations of Lealie'a experiment, all leading 
to the same eondnsion. Thus, having gilt one of the balls of 
his differentisl thermometer, he denominated it a *'pyroecope." 
Now, in repeating the above experiment with this instrument, the 
results correspond with those already related, whether the gilt 
or the glass ball be placed in the focus; in every case the var« 
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nished canister pnxhu t s the greater chill; and it is obvious that 
what might appear a piaunible explanation with one ball in the 
fbcoa must be an utter failure iu the cui^e of the other focal ball. 
In het, however, when canister, mirror^ and thermometer are all 
ftl the lame temperature as the air, it appoira nnacGOuntahle (on 
Prevoat'a theory] that the ''superior ladiatire energy'' of the 
wniahed caniater doea not heat the foeal ball when ooneentrated 
upon it b^ the refleetion of the mirror. 

There la a very prettjf eneriment of Profeaaor TyndalPs with 
a thermoDiultipller, which (although I have never tried it) will, 
I doubt not, prove the same thing. A warm body at the dis* 
tanee of t feet 6 inches from the instrument shows scarcely any 
action on the pile (most of the rays being scattered in sp!ire); 
but on introducing a polished tin tube (4 feet long) between the 
pile and the source of heat, the rays are reflected from its sides, 
and thus, by several internal reflections, reach the pile and pro« 
duce a decided motion of the needle. Only substitute (in this 
experiment) a cold canister as the radiator, and the chiUitif/ ni- 
fluence of the varnished side will doubtless show its superior 
efficieney. 

Seebg that the acientifie wodd generally admitted Prevoat'a 
theory, I brought forward at the firat Daolin Meeting of the 
Britiah Aaaociation (in 1885) what I eonaidered an " experimen- 
tnm emcia/' I heatisd the stuface of the mirror (by filling it with 
hot water) to about \70^ Fahr., and (keeping one ball in the 
foeus) shifted the differential thermometer until its liquid stood 
at zero, both balls being then equally heated by the mirror. 
The temperature of the air in the room was 55^ Fahr. ; the 
cubic canister (containing water at 67**), beini!: ]!lacrd ju'^t in 
front of the screen F (sec fip'ur*'), acted as a radiator of heat, 
and the varnished side was most eiiicient. On moving the 
canister nearer to the mirror, the efifccts dimiiushed and at length 
ceajicd, the thermometer remaining at ze ro whether the varnished 
or metallic side of the canister faced the mirror ; but on moving 
the canister still nearer to the mirror, il began to act as a cold 
body, and the varnished side produced the greater ehill. 

I tniated at the time that thta experiment (supplementary to 
thoae of Lealie already referred to) would have aatiafied aeientille 
phyaiciito that Fkevoat waa in error and that there eould be no 
phenomena of radiation so long aa a body waa of the same tem- 
perature with the medium in which it is plaeed ; and therefore 
I did not enter into the rationale of the experimeDt, which I 
believe to be as foUowa. 

The heated mirror producea a gradation of temperature in 
front of itself (of course an unstable equilibrium) ; and when the 
eaniBter is so situated that ita surface and the medium in front 
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of it^ next the are tn aguiUbrio as to tempentare, there 

will be no radiation from either tide of the euiister ; bat, aoeoid* 

ing e« the latter is in a position of greater or lew temperatnie 
than that of the medium, it will produce increaeedor diminished 
temperature of the focal ball, and in eaeh caae the vamiahed 
side will be most efficient. 

This apparent " radiation of cold" I would call a " negative 
heat-w ave/' An ennlotjy with waves in water ina)' make my 
mean ill f:; cl( ar. Thus, if at one end of a narrow channel of still 
water you immerse a conical-shaped vessel, a regular wave will 
be propairated to the other extremity of the cbauael, its Rurface 
at the origin ol the wave being raised above the equilihriuni 
level. Tliis I tall a positive wave. Again, after water-equili- 
brium has been reestablished, on withdrawing this cone from 
the water, another wave will be propagated lo the former es- 
tremity of the ehannel ; but now the enrfaoe at the origin of 
the wave will evidently be depressed below the eqnilibrinm-Ievd. 
ThtB, therefore, I would call a negative wave, bemg a wave of 
eihaoition, like the wave of eold. 

In conclusion, I have only to add that I believe all the phe* 
nomena of " absorption " (whether of light or best) are to be ex* 
plained on Young's beautiful theory of "interference of waves;" 
and, notwithstnndinnj the experiments of Forbes, Mclloni, and 
others in rcfert nee to tlie ?nppn<?t'd poh^rization of heat, I con- 
fess to having grave doubts, Ik mg inclimd to believe that the 
distinction between waves ot light and of beat will be found to 
be due to the "»therial vibrations'' of the former being always 
in a plane perpendicular to the progress of the wave, whilst 
those of the latter take place in the direction of wave-propaga- 
tion i thus these effects would be doe to different functions of 
the letherial vibrations. Henoe the prrtj^ortumdHty of light to 
heat is not to be eipected ; and it is easy to understand how a 
beam (containing both light- and heat-rays) may be silted of 
^ther by transmission through certain substances without any 
sensible diminution of the other system of rays — a result appa* 
rently incomprehensible if there is no euential distinction between 
Jight and heat. 



XLIV. On a Xew ^^team-gavge. 
By Professor Ch. V. Zengeh*. 

THIS gsu|^ is intended to avoid the defects of common air* 
gauges, which have hitherto prevented the employment 
of the air-manometer, and at the same time to be more accurate 

* Comnunieated by the Author. 
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and unaltenble io its working than tlie spring gauges now com- 
monly used for steam-boilers. 

In the first pilace^ it is a great defect in' the common air*mano- 
meter thst the divisions on the roanometric tube diminish rapidly 
at high pressures, and conseqaently the reading becomes less 
and less accaiate the higher the pressure. The new steam-gange^ 
on the contrary, possesses the same degree of accuracy at all 
pros^^ares, and even enables OS to make the accuracy of reading 
greater at lu^h pressures. 

Another serious defect of the air-manometer is the liability to 
rupture of the narrow column of mercury, consequont npon the 
sudden shutting oflf or turning on of the steam, '{'his is entirely 
avoided in the present instrument by the use of Uvo closed ves- 
sels communicating with each other only by very narrow capil- 
lary tubes. Finally, the small column of mercury enclosed in 
the glass tube of common air-manometers is subject to cspillary 
depression, and to the distarbing effects of heat upon the air- 
btdb and upon the mercury. In the instrument now to be de- 
acribed, it is sought to avoid these defects by not using capil- 
lary tubes for the manometer, and by disposing the air and mer- 
cury in such a way as to make the effect of heat sensible. 

The eonstruction of the apparatus will be plainly seen from 
the annexed diagrams*, representing^ the apparatus in three dif- 
ferent sections. The air-tube of the ninnometer cnn?;istsofa 
series of tubes of equal lengths but diOcit nt diamc ters, melted 
together before the lamp, and cndintrnt the top m a glass bulb. 
The lower end is connected by an an -ti^ht screw-joint with the 
first of two iron vessels containing mercury or some other liquid, 
and communieiitnjg with each other only by a very nin ruvv capil- 
lary channel. The mauomctric tube is sealed at the bottom ; 
but there are two fine capillary openings through the side at 
points below the surface of tne mercury or other liquid contained in 
the two iron yessds. Hence the communication of pressure from 
the steam or other oompiessed gas whose pressure is to be mea- 
sured, and which presses directly upon the surface of the liquid 
in the second iron vessel, can only take place through a system 
of two successive capillary channels ; and the resistance which 
these channels oppose to the motion of the mercury by which 
they are filled makes it impossible for sudden changes to occur 
in the heiprht of the manometric column, ami thus entirely ]}rp- 
vents the division of the column or the entry of steam or gas 
into the manometer. 

The capacities of the globe and of the several tubes winch com- 
pose the manometer are so adjusted that they decrease in the 

* [For the loan of these dii^rams we are indebted to the kindneMof the 
Proprietoni of * The Engineer.' — Eds. l^hil. MayJ] 
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same ratio as that in which the pressure increases, which is evi- 
dently what is required by Mario tte's law in order that an in- 




crease of pressure of one atmosphere may cause the first tube to 
be filled by the enclosing liquid, and that a further increase of 
pressure of the same amount may cause the second tube also to 
be filled, and so on, each equal increment of pressure causing 
the same rise of the liquid in the manometer-tube. This ad- 
justment of the capacities is tfi\;cted as follows : — Let the capacity 
of a manometer to be divided so as to show pressures up to, say, 
four atmospheres be called unity, and let r„ r„ tg, and be the 
capacities of the first, second, and third tubes, and of the ter- 
minal globe respectively ; then \\v have 
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V| + 9^-f r^-f t)i|Ssls volume occupied by the contained air 

under a pressure of (mf atmosphere; 
+Vg+V4s^ssvolumc occupied by thu air under a prea* 

sure of two atmosphere:* ; 
r^4-r4s^= volume occupied by the air under a pres- 
sure of three atmospheres ; 
r^rs: I = volume of the air under Jour atmospheres. 

This gives for the capacities of the separate tubes : 



1.2 



_ 1 _ 1 

-JL- l_ 
12 "3 .4' 

1 



These eqaatioas indicate the general form of the expressions 
fbr the capacities of the separate tobm of a manometer to be di- 
vided BO as to show {iressares np to n atmospheres ; and from 
the capacities the radii of the tabes and terminal globe are at 
once obtained: thns— 



Capttcitie*. 
1 



«il-l= 



1.2 
1 

1 

3 . i' 



r, = 



Hadu. 
i 

1 



r« = 



1 

1 



1 



If the length k of each tube is made equal to the unit of length, 
an inch for instance, it becomes unnecessary to express it in the 
above values of the radii. 

In order to diminish the nnmber of tubes required for the con- 
struction of the apparatus, it is sometimes convenient to arrange 
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the capa<jitica so iLat the first is filled when the pceunre in* 
creases by two atmospheres, the second when it inereaees by fonr, 
and lo on. In this way three tabes snfliee for a manometer that 
is to show pressures up to 6 atmospheres, foor tubes for one 
that is to go up to 8 atmospheres, and so on. In this case the 
capacities of the separate tubes are given by formulse of the same 
icind as before — namely^ for a manometer to be used up to 6 
atmospheres : — 

3 

_ 1 

1 

* 7 

To prevent the accidental breakage of the manometer, it is 
fastened to the graduated brass plate, and with it screwed to a 

glass cover, ] of an inch thick, capable of supporting a pressure 
of 20 at!nospbrrr«. Tlie irlass cover is prrs^fd by a screw at 
the top ii])(>ii w phte oi ludia-rubber^ thus entirely preventing the 
entrance ul dust or dainp. 

The apparaius lias already been at work for eighteen months 
in several manufactories in Austria; and it has been found, by 
comparative experiments with it ou the Northern and btate rail- 
ways of Austria, that it is steadier and more accurate than the 
standard spring and piston manometers used by the companies 
for graduating their own manometm. Two of these instm- 
ments were placed side by side on Ube same steam-boiler, with 
a new spring manometer by MM. Bendenberg and Sehafler, of 
Magdebourg ; but up to the time of my leaving Prague (that is 
to say, during l^year) they remained in strict accordance all the 
time;, not i pound difference of pressure being indicated by 
them, although the temperature of the engine-room varied 
greatly, and one of the air stcnm -gauges was placed directly on 
the boilrr (f)n direct steani), and quite nearthe fire, where the 
teiupcralure reached 30° or 35 ' C. 

Th<" elasticity of air not being subject to alterations like the 
clasin ii y of a spring, which is greatly affected by heat and by 
rapid variations of pressure, the new gauge is iiu>i( steady and 
requires less attention than bprnig gauges of any kind. It also 
possesses a wfll^'l^reater advantage in being much more sensible 
to small chaiiges of pressure, and indicating them instanta^ 
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neoasly, which is unatt;iiiiablc witli spniiL; iimnometers ; for the 
air-gauge showed a ciininiutioii of pressure of about ^ pound 
when the steam -whistle of the locoiuulive-boiler to which it was 
attadied was tounded, whereas no motion could be deteetecl in 
the spring and piston manometer. 

The priee of the new manometer being no higher than that of 
the spring manometer, bat permitting greater certainty and ac- 
curacy in the reading, it is hoped that it may be fonnd to be an 
aeenrate and durable gange for steam-engines of every descrip- 
tion, as well as for measuring the pressure of air in ventilation, 
and in the yaeuum-pans used in sugar manufactories. 

XLV. On the steady Flow of a Liquid, By Hbnby Mosblbt, 
M»A,, D.C.L., Canon of Bristol, Corre^pomHng Mem' 

. her of the Imiiiute of France, ^c. 

[ContiiiiMd from p. 197.j 

J^T is by experiment that the fslue of <y or of ^ in the equation 

y=Vf^€~'>^ has been shown to be approximately constant. It 
results, as shown in Table I., from the approximate constancy in 

M. Darcy's experiments of the fkactions and ^ — ^^Y* 

and from the near accordance with experiment of the values of v 

for different values of r riilculated on the supposition of the con- 
stancy of y, I propose now to investigate the value of 7 theo- 
retically. 

The motion of the lAqmd in the pipe is dependent on that m the 

retervoir, 

A film of liquid flowing from a reservoir through a pipe may 
be oonaideied as a cylindrical prolongation of a vase-like liquid 
film whidi begins in the reservoir, and which, contracting its ex- 
ternal dimensions and increasing its thickness from the surface as 
it descends, bends its neck to pass into the pipe. The motion of 
the liquid wbieb forms this vase is continuous. In the reservoir 
it is subject to the same kind of resistances as in the pipe; and 
the conditions of its motion in the pipe can only be fully de- 
termined when those in the reservoir shall have become known. 
Uj* represents the work expended on the various resistances 
opposed to the descent of tfie liquid in the reservoir and to 
its passac^e from tlic reservoir into the pipe; and this is one of 
the ttruis of ('(juatiori (2) which art' iir^leeted in equation (7) 
and in equation ( 12). 1 am about to sliow that, by assignino: a 
juoper value to 7 111 each case, the error unsing from this ^ mis- 
sion may be conected. IJ, is another of the terms of equalioii 

* Phil. Mag. September 18/1, p. 186. 
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(2) which, although not neglected in equation (7), it neglactod 
in equation (12). It represents the work earrwd «way by the 
liquid which flows from the pipe io each unit of time. By the 
leerag oat of these tenne U| + Ut from the right-hand aiember 
of eqaation (2), it becomes en meqnaUty. To restore its 
eqtudity^ its left-hand member U must he diminished ; that is to 
say, h must be assumed to be less than it really is. I^t it 

become where y is an unknown function of Uj and such 

y k 
that the substitntion of - for A in the valoe of U will lestoie 

the equality which lias bctn destroyed m equation (2) by onus- 
sioii ui' + and correct the error which has resulted there- 
from in equation (12). The value of 7 is shown by experiment 
(see Tables I., XL, III.) to vary ao slowly with the diameter of 
the pipe as to be nearly the same for diameters from 0*188 metre 
to 0*2447 metre* It becomes sensibly less, however, for dia- 
meters from 0*297 metre to 0*5 metre. For the former dia- 
meters, its value is about 2*25 ; for the latter, aa shown by the 
following Table, the values of y, 1*5 and 1, agree more nearly 
witii eiperiment. 

Tabli IY. 



Index 



Sjr th«oi7r v~ 



i-if. 



Diameter =0-2»7 metre. 



munbcr* 


r. 


r. 


0-1083. 

• 


0-108. 




0. 


0-1083. 


0-102. 


0^8. 1 0. 

1 


V 


•r 


•r 


•o- 




r,. 


t,. 




• 
« 

• 
• 


0355 
1-236 
1 665 
i365| 


0356 
1-830 

1 


0*410 

1- 356 

1 839 

2- 690 


0- 4S5 

1- 418 

1 931 
2708 


0- 378 
1 216 

1- 656 
1 2-323 


0474 

1-217 

1- 657 

2- 824 


1 344 
1-787 
8-505 


0- 435 

1- 418 

1- 931 

2- 708 


riiMiitir sO'ft Metre. 


Index 
niimlMr. 


By experiuieut. 


By theory, t=r<,«-f. 


r. 




0-17S3. 


0170. 


0-90. 


0. 


01 723. 


01 70. 


0-090. 


0. 








•o- 




Pj. 


''1- 


r . 


193. 
194. 
197. 


0-475 
0-795 
11 197 


0477 
0-796 
1115 


0- 535 
OSGI) 

1- 241 


0-571 

01119 
1 1-319 


0-481 

0 773 
Mil 


0-488 

0- 776 

1- 112 


0-889 

0- 840 

1- 805 


0-871 

0- 919 

1- 319 



♦ No l^iilf^x number in pvcn to these cxpehmentt io the work ofM.Darfy< 
They arc tu be fuuiiU at p. 143. 
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It is important to obaerve that the indeterminateneM of the 
f ttnetton 7 i» doe not to our ignorance of the eondttions of the 
motion of the liquid in the pipe, but of its antecedent motion in 
the reservoir. Whenever the conditions of the latter shall be 
cipii'iscd mathematically, 7 will be determined and the solution 
of the problem will be complete. Meanwhile there is an im- 
portant case in which the value of y is necessarily untly^ and in 
which the solntion may he completed. It is that of an open in- 
clined channel in which the liquid h'd-^ attained a uniform depth 
and a steady equable motion. Before it has reached the point 
^vllere this begins to be the chj^p, the work Ui has been already 
conimuDicattd to it, and the work Ug has been already done by a 
pressure (that oi the water iii the reservoir) which no lonprcr acts 
upon it. For the rest of its motion, ail the work L that has to 
be done by its weight is the overeoming of the resistances to its 
motion in the channel *, so that in equation (2) Ui -i-V^^O, and 
Us U»+ U4. I shall discuss this case in a subsequent and eon- 
doding paper. 

TAeprettttre on the Hguid atmtifpomi m the pipe. 

By a well-known formula"^ of the steady Hiotiuii of a liquid, 
neglecting the consideration of those resistances whose unit isj 
in the ease of a pipe, represented by /k, 

I 1 W> Q 

where /?, represents the unit of pressure on any molocule of tlie 
liquid whose velocity is r, that at the couunoii uuiiace of 
the liquid and the atmosphere, z the depth of the molecule 
below the anrface, and w tne weight of a eubie unit. Let this 
equation be supposed to obtain as long as the water is in the re- 
servoir but not in the pipe, and let the depth of the aperture be 

^. At the aperture it becomes 

lip be taken to represent the unit of pressure at a point 
whose distance from the entrance of the pipe is ar, and from its 

axis r, and if a spctioTi be imagined perpendicular to tlic axis 
through that pouit, tlie pressures on the liquid between it and 
the entrance to the pipe will be in equilibrium. 

• Treatuc ou Hydrostatics, by the author of this paper, p. U/. Cam- 
bridge: 1830. 
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h \ w 

/. p-^ftx^pi^pf+w - — n - «^ (by equation 18); 

y 9 

AlsOj equation (13), v=Vq€~^, 

p =y + tt? - — uj? — (80) 

At tbe orifice of the pipe by which the water eaoapeiy p^f^ and 

y 2y 



or 



0=__^_^^o.,-^ (21) 

And if we negleet i^ which is equivalent to neglecting Ui, 

ufh wi 

which is the value assigned to y in equation (13), where Ui is 
also neglected. By cauation (19) it appears that the pressure 
on a point at a given distance x from the entrance of the pipe is 
less as its distance r from the azia is greater. 

This Act is illustrated in the following instructive ezperi* 
ment of Professor Ludwig, of Leipsic*. In the accompany iug 
diagram A B is the section of a pipe filled with water which tiows 
through it. CDEis a continuous glass tube whose straight 
partCDpasaea through the pipe in a direction perpendicular 
to its axis, enters it by stuffing-boxes at c, d, and is capable 
of being moved in the direction C 1) without leakage, a and 
b are «mnll aperturr^ in this tube. The pipe being filled with 
water, the tubf also fil)^ with it. But the water in the pipe 
being in motion and the aperture a nearer to the axis than b, 
the pietssiuc at a is by equation (20) less tliun that on b. The 
water from the pipe theret'ore fiows along the tube through b in 

I do not know whether thin exDeriment hu been pabltihed ; it was 
communicated to me by my son H. n . Moadcy* to wbou it wm shown by 

ProfMsor irudwig. 
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the direction D E as shown by the arrovrs in the tube and the 
air-bubble. 

Fig.l. 




In all streams there cannot but be a tendency in the water 
to transfer itself from the sides, where the motion is slower and 
the pressure greater (as shown by equation 19), to the centre, 
where the motion is quicker and the pressure consequently less 
- — and also to rise from the bottom to the surface, carrying up 
with it the mud. 

The veheiijf of ike eenirel filameni m a korusontal 

The internal surface of the pipe reaiats the motion over it 
the film of liquid which is in contact with it ; that film reaiata 
the motioD over it of the next film ; that of the next^ and so on 
to the central filament. Let A C D ca (fig. 2) repreaent a lon- 

Fig.a. 

B . C A 



1 

« 



gitudinal section, through the axis, of the liquid flowing uni* 
PhU. Mag. S. 4. Vol. 42. No. 281. Nov. 1871. 2 A 
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formly through a circular pipe. The sections of the coaxial dlmn 
m shown by the parallel lines in the figure, and the parta of 

these lines included in the space CDc represent those portions 
of the films which would have fallen off from the pipe in one 
unit nf time if they had not moved on (as they are here supposed to 
do) Hi the siiiru' d in'rf iorr^ nnd with the same vf'loeitie«i nfter they 
had passed the end of the pipe asthev hnd wlu n tlit y rrtinp to it. 

Also let CBftcbe the space whicli on the same snp]ir)-;ition 
would have been filled with liquid in one unit of time if tiiere 
had been no resistance of the internal surface of the pipe, and 
therefore no differences in the velocities of the films ; and, lastly, 
let Ada be the space which would be left vacant in a unit of 
time at the upper end of the pipe if none were admitted there, 
and the snrronnding liquid did not flow into the vacancy. The 
resistance of the interna] surface of the pipe — 

1st. Stopt hack in every unit of time as much of the liquid as 
would fill the space BCDeb, and therefore destroys as much of 
the work which would otherwise be done by the weight of the 
liquid in each unit of time as is represented by k multiplied by 
the weight of the liquid so stopped back. 

2ndly. It causes the coaxial films of liqnid to slqs over one 
another, which otherwise they would not, and thus it createa the 
rcsistanrcs of tlir^f in tlirir motinns over one nnnthrr, nnd dr- 
stro\ s much of the work whirli would otherwise be done by 
the weight of the liquid effluent per unit of time as is represented 
by the aprgreprate work of those resistances. 

Takinpr, therefore, Uj, to represent the work per unit of time 
of the resistance of the internal surtace of the pipe, as before 
and U4 to represent the aggregate of the works per nnit of time 
of the resistniees of the fihna in moving over one another, 

TJas (weight of liquid which would fill the space 6 CDc6)ib+U4. 

But . 

(weight BCD cJ)A=r (weight BCc*)*- (weight CcD)A; 
A UfiS (weight BGc6)A- (weight CcD) A +U4. 

But 

(weight l^Ccb)h~ work which would be done by weight of 

efi[lux per unit of time if there were no resist- 
ance, 

• See Phil. Mng. September 18/1. p. 186. 

t See l^hil. Mag. September 18/ 1, p. 188, equation (8). 
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Alto 

(weight Cci>;/i = work actually done by weight of efflux 

per unit of time, 

U«ai0irB*tfA-UH-U4. (%%) 

But 

•*. adding and itriking out common terms, 

U, + U,+ 2U3= wwVi^vh (23) 

But 

by equation (5), 

Ua»airtti(/*,+X,V«)V; 

by equaiioa (4), 

) i'Vdir+U,+4fjrBiO*i-fXiV«)Vs=iwrR«Ai/2^)l. . (24) 
Now vsy^-y^, 

... U,« W= '^i?:!! f V^^rifr- ^[1- (1 +87a)f-»y-]. 

^ Jo Jo W 

But ainoe V»v"^* - »o=a 

.••Ui-^[«^"-3yR-i]; • • • (26) 

by equation (24), 

-8yB- 1] + Ua + 4^m(ji^ + V«)V=:iOTrRM %/2j^A. (26) . 
If 1*1 be eiceedingly small as eompared with X|V^ and Ug be 



^ l^n -37R-I] +4irRIX,V»« w ^2jrR«At ; 



•••V=— '^^^^ . (27) 

[i^(«^"-arii-i)+4W*..J* 



♦ Phil. Mag. September 18/1, p. 186, 
t Ibid. p. IS6, equation (2). 
X Ibid. p. 188, equation (8). 

2 A 2 
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Bat by equation (13), 



[w 



=n; . (28) 

THedSweAoiye )Mr 1" m <»i5ic meiru from a korvtwUal pipe^ 
By equation (16), 

* • ^ T"^ ^ tT' • 

86S — *^""5rJ 

If, as before, weaappoM tli« work with which the water finally 
leavet the pipe to have been already aocomttlated in it when it 
arrived at the third water-gauge in M. Darc/a exfkerimenta, and 
if A be taken to represent the diSerenee of the beighta of the 
first and third gangea, then, applying the above formola to M. 
Darcy's experiments, we must assume U,=0, which is equivalent 
to neglecting the first term in the denominator of equation (M). 
In this caaci therefore^ 

Q _ 7r . ii;Vi(6/«~ 7 R-l)RiA^ ^ ^ ^32) 

Snbatttttting the nnoierical vidaes of w, w, g and reducing, 

. Q.=65-0(H^"^'^-fTV^*^* (33) 

In the cases in which 7 may be assuinetl =2*25, 

Q,=2 /(>ol^ L_^. ... (34) 
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It is the object of the follon ing Tables to verify this foriQula 
by cooiparison with the cxpt rinu iits of M. T)Hr( v. 

In Table V., from the valm of the discharge Qj given by ex- 
periment for a giveu head ol water h in the case of any given pipei, 

the valae of ^ ia ealeulated. T%at is the valne of the eoeffieient 
of &^ in equation (34). Call it A. Then, if the formula be true, 

will represent the discharge Jivm the iome j^pe for any head 
of water. This calculation ia made in respect of three different 
pipes; and the results are compared with those given by expe- 
riment. 

In Table VI., from the value of Qj (the discharge per 1" from a 
pipe of given radius E under a given head of water h) the value 

of is calculated* That is the value of the 

coefficient of (e'^ ^^■'"-^ 25il-l)R^/*i in equation(34). Call it B. 
Then, for all pipes of the same material and state of their in* 
ternal surface and of the same length, whatever may be their 
diameters and heads of water, (if the formula be true] the ex- 
perimental discharge ought to be represented approximately by 
the formula 

Q,=B(€«-*»-2-2BR- l)RiAi 

These calculations arc nuule in rt spect of two new cast-iron pipes, 
whose radii were respectively 'U0b5 and '094, and the results com- 
pared with experinieat. 

In Tabic VII., from given corresponding values of Q,, R, A, / 

substituted in equation (34), the value of \^ is determined for 
pipes of different material and for different states of the surface 
ui pipes of the same material. If two pipes of different djaineters 
and under differt ut heads of water be of the same uidLeiial, aud 
their internal surfaces in identically the same state, and if the 
joints of the separate lengths which compose the pipe be equally 
well (or ill) made (conditions exceedingly difficult to be realised), 

then the values of X^^, as determined by the formula, ought (if it 
be tme) to be nearly the same. They may be compared by re- 
ference to the Table. All the experiments of M. Pansy with 
pipes of the same material were made with the same length of 
pipe. It is impossible therefore by means of them to verify that 
condition of equation (4) by which (other things being the same) 

the discharge per 1" ought to vary inversely as 
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New cast-iron pipe. 
Diameter 0^188 metre. 
Q, = -3563(5/*^. 



Old cast-iron pipe with dqxMtt. 

Diameter 0*2432 metre. 
Q, = -047462 



Ko. 


ib. 


By experi- 
ment. 


Q, 

By theory. 


1 i 

No. 




<li. 

By expen- 

ment. 


By theory. 




metres. 


m. c. 


m. c. 






metres. 


m. c. 


m. c. 


157. 


•027 


•005513 


•005855 


166. 


•094 


•0142794 


•0145.5! 


158. 


•175 


•013786 


•013788 


. lev- 


209 


•090988 


•uims 


1M. 


•S68 


•091050 


•091061 


ies. 


'An 


•039874 


•039649 


tno. 


•805 


•031.'W 


•03197 


169. 




•a'H37l 


•*I50897 


161. 


1-340 


•04132 


•04135 


170. 


2290 


•071823 


•071823 


1^. 


^•850 


•06865 


•06345 


171. 


3-900 


•0685190 


•084908 


163. 


3-810 


0()Hr»6 


-0<i956 


172. 


4 105 


•096333 


•096169 


164. 


10*980 


•11953 


•11S09 


173. 


13 981 


•17H)833 


•17747 



The same uld iron pipe, cleaned. Diameter 0 2-^77 metre. 

Qiss 062697 



No. 




liy experiment. 


Qi* 

By tlif'Tv. 




motres. 


netre. 


cnotre. 


U4. 


•0."52 


•01433 


•OI4i!)7 


175. 


•165 


•095295 


•0254ti8 


177. 


1155 


•065888 


•067389 


178. 


2035 


•08944 


•08944 


179. 


2 735 


•10366 


•10369 


180. 


3730 


•12089 


•12109 


181. 


11*848 


•91186 


•91160 



Table VI. 
New cast-lroD pipes. 







Dianeter 0-137 metre. 






Diameter 0*188 metre. 


No. 


A. 


Q 


t* 


No. 






V 






By experi- 
ment. 


By theory. 






By experi- 
ment. 


By theory. 


147. 
148. 

149. 
150. 
151. 
159. 
153. 
154. 
155. 


metres. 
D24 
•087 
•209 
•475 
1-26 
925 
3-318 
3905 
9*862 


ni. c. 
•00220163 
i)0440596 

-00721819 
0112727 
•018898 
•025321 

0.1(tt»975 

-o3;i7o 

•053780 j 


JH. c. 
•002534 
•004894 
•007477 

011273 
•01836 
•024535 ' 

0297904 
•032322 
•05134 1 


157. 
158. 
159. 
160. 
161. 
162. 
163. 
164. 
165. 1 


•027 
•175 
•368 
•805 
1-34 
225 
3-81 
1098 
14-591 


m c 
'005ol3l5 
•013786 
•021055 
•0313039 
04132 
053656 
-06956 
•119861 
•130767 


m. r. 
•005752 
•014644 
-091235 
•03]4l»5 
•040521 
•052508 
•068328 
•11559 
•18571 



Durcy, Rcchercket pp. dB, 59, 60. 
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Table VII. 



359 



Ri J 
3 A J 





















A. 

■ 


L 


R. 


Bj eiperi- 

tticnt. 


By 




150. 


'473 


100 


•0685 


•Ol>5 


011^7^7 


'186S6 


Cast iroo* new. 


I BO. 




lOi) 




■0-2 i 1 


•o;n;5S3*j 


•i8»;7i 


Cast iron, nrw. 




•670, 


loo 




•OOOiiJ 


00OiJ5H 


•40y47 


Ca»t tron witb depo&it. 


Wl 




•03975 


•00416 


■0033627 




Cut tron with deposit 




i 441 


1011 


01 Sl' 


•UiHiS5 


(>oih;2>;h 


2:i521 


N(i. Ill, i-lcancil. 


130. 
8S. 


•ja; 


, luo 


•0K)0.'. 


-OtMi 


'Hvnaoo 




No. 12ii.r!rLiiicd. [men. 
Iniii t'ovcrcii wuU bilu- 


IIHK15 


' !Ofl 


UJU 


*0045 


•Ol'0«IOf5tj 


■ 17 *i32r, 


94 




luo 


•ODJS 


•Ol'."« 1 


•isi i;i!)4>> 




Ivoii curered wiih bittu 


57. 




50 




•00107.1 


•OOI7.'5Sl 




l^*a<l. [men. 


59. 


7 61 


50 


o.o;> 


■0(»lo75 


■ooaoiui 




LeiuL 


103 


0- 1.5(1 


45 




•00151 


•00060690 


•0779^6 








1 ^ 


•0S484 


•00151 


•OM 10166 


•10MI5 


Olaat, 



#<tfi»fy yZoii7 of a liquid m ffti inclined pipe. 

In the experiments of M. Darcy on the flow of water through 
drenlar pipes, the pipea were laid horisontally ; and the prece- 
ding inveatigation retera only to auch pipea. It may readily, 
however, be adapted to the case of pipes upon a alope. If i re- 

preseDt the uniform ioclination of auch a pipe into the top of 
which a liquid is pouiTd isu as to keep it full, and if / he the 
length of the pipe, then the vertical height through which the 
water haa descended w hen it flows out of the pipe ia represented 
by /sin i, and the weight of the liquid which flows per unit of 
time through a film whose radina ia r ia represented by 

27ru/J' vrdr. Therefore the work U done by tiic weight of 

thia volume of liquid in deaeendiug the pipe is repreaented by 
the equation 

Ussflmul tin i\ vrdr, 

Subatituting this value for U in equationa (9) and (10) and pro- 
ceeding aa before. 
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Or neglecting the work accuuiuiatcd in the efflux^ as before, 

v^v^—iT^ (37) 

Sinee '^^^ * ^7 is aasnmed to have the aame Tiliie for all valnea 

of f, R remaining: the same, it follows that the ratio of the ve- 
locity of any lilui to that of the ccutral liiamcnt la mJependent 

of the slope. Subetitating — % — fbryineqiuitioiis (16), (29), 
(31). 

«.-»-(i^a['-('^--*r-'''>-'^']"- • 



■ KU-i)'("* »-')♦«>.]• 

. , IT «in « ^ „ % 

Q« 1 1 (40) 




3(3R 

If, in equation (38), R= cx/y, 

«-=='-tt.)V 

This may be considered the limit of the discharge of a pipe, of 
however great diameter, which is placed on a given slope, aud 
whose central filament is made to move with a given velocity Vq. 

The hene-ifower kei hjf meter mflewmff through a pipe. 

The work lost by a liquid in llowing through a pipe is, 1st, 
that represented by U.'*', which is expended on the resistance to 
its flow by the intenial surface of the pipe ; and seeondly, that, 
expended intcnially on the resistuices opposed to the flo«» 
ing of the filma over one another. The whole work so lost is 
therefote represented by U3-1-U4. Now, by equation (5), 

U3=27rR/(/*, + X,V^)V; 

or^ neglecting p,^ as small in comparison with X|V', 

Ua=2w/X|RV». 

• riiil. Mag. Heittembcr 18/1, p. XSCk 



Digitized by 



Cauou Moseley on, the steady Flow of a Liquid, 861 
SalMtituting for V its value firom equation (27)» 

AhOp by equation (6)j 



But /ft s — ; and (equation 13) v^Vffi~^; 



Jo 7 y j» 



Substituting for t'^ its value from equation (29), 



[^(^^''-SYa-ij+iiux,]' 

reducing^ 

P,- 2^«^'(2y)3RUI(.V-l) ... (48) 

The work lost per aeeond in traversing the pipe being repre- 
sented by Ug-fU^, eqnations in which the unit of work is the 
Frpnch kilog;ram-mctre, and 75 of these units per second being 
a horse-power^ it follows that the 

horse-power lost = • • • (44) 

The rise of temperaiurt; in water flowing through a pipe. 

It results from the experiments of IVIr. Joule, that every 424 
French units of work or kilogram-metrcs w hicli are expended on 
the friction of water raise the temperature of evt ry kilogramme 
of it by I'^of the Centigrade thenuoiiR ter. Now, if we suppose 
the motion of the water to have bccDine steady, as also its tem- 
perature, and the material of the pipe to be perfectly non-con- 
ducting, so that no heat escapes from the water so long as it is 
in the pipe, then the whole work converted into heat per secoud 
is eanrusa criBT by the water that escapes per second Let be 
the number of degrees Centigrade by which it laises the tempe- 
rature of that water. Now Q cubic metres or lOOOQ kilc^grammcs 



Digitized by Google 



862 Sir W. Thomton on (he Motion of 

escape per second; and 424 kilograiii in ti i-* being required to 
raise 1 kilo<^. of water P Cent., 4'24 x / kilogram- metres are re- 
quired ti) raise ] kilog;. by /" ; it follows, tberefore, that 12 Ix 
i"^ X lOOU Q is the number of kilogram -metre;} aecoisary to raise 
the water which escapes per 1" by f ; 

.\ 424xl»xl000QsUg+U4, 

or 

iu wiiii h expression U^, and U4 are given by equations (31) 
(42), and (43). 

[Tobe eontmued] 



XLVI. HydnikmiUc Sofmlkm and Ob$ervatiom. 
By Sir William Thovsok, 

Paut I. On ilie Motion of Free Solids through a Liquid, 

THIS paper roninunees with the foUowmg extract from the 
amlioi s jti iv ute journal, of date January 6, 1858:— 
"Let f I {?, '^-^ if-i iB, 12 be rectangular ( mn jiononts of an 
impulsive force and an impulsive couple applii <! to a solid of in- 
variable shape^ with or without inertia ot its own, in a perfect 
liquid, and let u, v, w, v, p, <rhe the com|K»ieiita of linear and 
angular veloeity generated. Then, if the vi$ vnuf (twice Che 
mechanical value) of the whole motion he^ aa it cannot hat he, 
given by the expression 

Qs [u, tt] + [r, i;]t?' + ... + 2 [t?, «] n< + 2[u;, tt]ii«+ . • • 

wliiTc = [m, tt], [r, v], &e. denote 21 constant coefficients de- 
terimiiablii by transeendcntal nnnlvsis from the form of tin bur- 
face of the solid, probabl) iii\ol\ lu^ only elliptic trausiteiidentaU 
wlit 11 tlic surface is ellipsoidal ; involving, of course, the moments 
of inertia of the solid itself : we must have 

[»,!<]«+ [t?,i4]t + [u?,«]m?+ [p,u]p-^ [a-, tt] &c., 

[i*,«r]ii+ [»,tj]i;+ [ie,w]w+ [«,w]w+ |>,w]p+ [«r,w]<r=ir,&c, 

• Communicated by the Author. Pnrts I. and II. from the Proceeding* 
of the Royal Society of Edinburgh for IbJO-Jl. Parts 111. and ly. from 
letters to Profeitor Tiiit of August 1971* Part V. appended to this com« 
municstiou September IH/I. 

t Henrr Inrtli T, instead of 5 (J. is u»ed to denote the '* 
value," or> a» it is uum called, tlic ** kinetic energy " of the motion. 
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If now a continuous faree X,Y, Z, and a continuous couple 
Jj, Mj N, referred to axes fixecl in the body, is applied, and if 

^, . . . , &€. denote the impulsive force and couple capable of p^cnc- 
rating from rest the motion m, r, -cr, p, <t, wliich exists in 
It' ality at any time / ; or, merely mathematically, if f &c, denote 
for brevity the preceding; linear functions of the compODentS of 
motion^ the equations of motion arc as follow : — 



dt 



-Zti + f 0« + lino's M| 



(1) 



Three first integrals, when 

X=0, 1 = 0, Z = 0, L=0, MaiO, N=0, . (2) 
maii of coarse be, and obviously are^ 

F«+»*+Z«= const (8) 

resultant momentum constant ; 

If + iHiUJi*-= const (4) 

resultant of moment of momentum constant ; and 

tiF+t« + M:Z+«rE+/,»-»-al»«Q." . . (6) 

These equations were communicated in a letter to Professor 
Stokes, of date (probably January) 1858, and they were referred 
to by Professor Rankine, in bis first paper on Stream-lines, 
communicated to the Royal Society of London*, July 18G3. 

They are now communicated to the Royal Society of £din* 
burjrh, and the following proof is added : — 

Let P be any point fixed relatively to the body; and at time /, 
let its coordinates rt Intively to axes OX , OY, OZ, fixed in space, 
be ^, jr. Let PA, PB, PC be three rectangular axes lixed re- 

* These equations will be very conveniently called the Enlerian equa- 
tions of the motion. Hiey correspond precisely to Evler's equations for 

tbc rnfation of a rigid body, nntl include tlu tn n'^ n jmrtinilar cnse. As 
Killer seeros to have been the tirst to jrive ecjunnon-, ot motion ia tenn>» of 
coordinaU; compuuentti ut velocity aud force re t'crrcd tu lines iixed reUlivciy 
to the moviBg body, it will be not only convenieiit, but just, to detignate 
as ** Eulerian equations " any equations of motion in i\ hich the lines of 
reference, whether for position, or velocitv. or moment of momentum, or 
force, or couple, move with the body, or tlie bodies, whose motion is the 
■object. 
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latively to the body, and (A, X), (A, Y), . . . the cosines of the 
nine inclinations of these axes to the fixed axes OX, 0\ , OZ. 

Let the couipouciitai of the ''loipulse"* or generalized uio- 
tneutum parallel to the fixed axes be f , 17, ^, and its momenta 
louDd the same axes \ fi,vi so that if X, Y, Z be oomponeota 
of foiee actine on the solid^ in line through and L, M, N 
componenta of oouple, we have 

it~^' dt"^* IS^^' 

^=L-HZy-Y^, ^=M + X^-Zar, ~=N + Y*-Xy. 



(6) 



Let y, 9* >^ a»d il, iB, il be the components hihI moTnents of 
the impulse relatively to the axes PA^ PB* PC moving wiih the 
body. We have 

f-f(A,X)+»(B.X)+Z(C,X), 



X-»(A, X) +»(B, X) +#(C, X) +Zy-»*, ( • 



J 



Now let the fixed axea OX, OY, OZ be ehoaen eoioeident 
with the position at time t of the moving axes PA, PB, PC : we 
ahall consequently have 



(B) 



arssO, y«0, 5=0, 
dx dy dz 

{A,X)-(B,Y) = (C,Z)=1, 

(A, Y) = (A, Zj = (B, X) = f B, Z) = (C, X) = (C, Y) = 0, 

-^ci/ * Si 

rf(A, Z) _ ^ .f(B,Z) rf(C>Y) 

-3— -dT "IT- 

Using (7), (8), and (9) in (6), wcfind (1). 

One chief object of this investigation was to iUnstrate dyna- 
mical effects of beli90idal property (that is, right or left-handed 
asymmetry). The case of complete iaotropy, with heli^dal 
quality, is that in which the ooeffieienta in the quadratic expiea* 
ston for T fulfil the following conditiona. 

• See Vortu Motion," ^ 6, Trans. Roy. Soc. Edin. (1868). 
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[t», r] = [ir,M?] (let m be their common value), 
[w,«] = lp,p] = [cr, <r] „ n „ „ ,» 
[ll,w]a«[l>,p]as[ltl,c] „ A „ „ „ 

[r, = [it', u] = [w, tj] =0; [p,cr] = [<r,«r] = [iar,p] =0^ 
and 

[ti,p] =[«,<T] = [r,<r] = [r,«]«[w,flr]«[il>,ri=0; J 
>o tbat the formula for T is 

T=i{OT(w«-M;« + M>«)+n(tBr« + /3« + ff')+2A(Mt«r + vp + w<r)} (11) 
For thia case, therefore, the £ulerian equations (1) become 



and 



^(^^^} _ _ {/;^) = X, &c., 

'^("y*") =L, &c. 



[Memorandum : — Lines of reference fixed relatively 
to iLe body.] 

fiat inasnmch as (11) remains unchanged when the lines of 
reference are altered to any other three lines at right angles to 

one another through P, it is easily shown directly from (6), (7), 
and (9) that if, altering the notation, we take u, ? , f to denote 
the components of the velocity of P parallel to three fixed rectan. 
gular lineSj and t?, p, <r the components of the body^s angular 
velocity round these lines, we have 



and 



4-/i(<rt;— pa?)=L, &c 



(12) 



[Memorandum : — Lines of reference fixed in space] , 

which are more convenient than llieEulerian equations. 

The int^ration of these equations, when neither force nor 
couple acts on the body (X = 0 &c., L = 0 &c.); presents no 
difficulty; but its result is readily seen from § 21 ("Vortex 
iVTotion to be that, when the impulse is both translatory and 
rotational, the point P, round whieh the body is isotropic, 
moves uniformly in a circle or spiral so to kccj) at a coostant 
distance from the "axis of the impulse/'^ and that the conijx)- 
nents of angular velocity round the three fixed rectangular axes 
are constant. 
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An isotropic hcli9oid may be made by attaching projecting 

Tanes to the surface of a globe in proper positions ; tor instance, 
cutting at 45° each, at the middles of the twelve quadrants of 

any three great circles dividiiii^ the L'-lnbe into eight quadrantnl 
triana:K^s. l\y inakini: the *::lobe and the vanes of light paper, a 
body is ob tamed rigid enough aud light enough to illustrate by 
its motions through air the motions of an isotropic beli9oid 
throntrh an incompressible liquid. But curious phenomena, not 
deduciblc from the present iuvestigatiou^ vvxii^ no doubt^ on ac> 
count of viscosity, be observed. 

Pabt II. 

Still oonaidering only one moveable rigid body, infinitely re- 
mote from diatumnce of otber rigid bodiea, fixed or moveable, 

let there be an aperture or apertnrea through it, and let there be 
irrotational circulation or cireulationa (§ 60, "Vortex Motion") 
through them. Let (, tj, ^ be the oomponenta of the '^impulae" 
at time t, parallel to three fixed axps^ and \, /i, v ita moments 
round these axes, as above, with all notation the aame^ we atill 
have (§ 26, " Vortex Motion ") 



— X, &c.. 



(6) (repeated). 



But, instead of for T a quadratic i'uuctiou of the components <^ 
velocity as before, we now have 

T«B+i{ [tt, «]«•+..• +2[tt,i»3iw+...}, . . (13) 

where £ is the kinetic energy of the tiuid motion when the solid 
is at rest, and ^ { [m, tt]M*4" . • • j- is the same quadratic as before. 
The coeiiicic'iits [u, u], ?"], &e. are determinable by a trans- 
cendental analysis, of which the character is not at all mflueuccd 
by the drcumatanee of there being aperturea in the aolid. And 

instead of f = ^ ^bove, we now have 



f=S+i'. '/=S+H 



(14) 



where I denotes the resultant " impulse " of the cyclic motion 
when the aolid is ftt reat, /, m, ft ita direetion-eoaines, G ita 
'^rotfttioDal moment'' (§ 6, "Vortex Motion''), and j^, jrtbe 
coordinates of any point in its ''resultant axis." These, (14) 
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with (13), used in (6) give the equations of the solid's notion re* 
ferred to fixed rectangular axes. They have the inconvenience 
of the coe£Scientd [u, u], [«, v], &c. being functions of the an- 
gular coordinates of the solid. The £ulerian equations (free 
from thiH inconvenience) are readily found on precisely the same 
plan tliat adopted above for the old case of no cydie motion 
in the thnd. 

Tiie formulae for the case in which the rmg is cirrular, has no 
rotation round its axis, and is not acted on by applied forces, 
though, of course, easily did need from the general equations 
(1*), (13), (6), are more readily got by direct application of first 
principles. Let P be such a point in the axis of the ritii;, and 
€, A, B sueh oonstants that i (Ca)« + Am* + Bi;^) is the kuietic 
energy due to rotational velocity m round D, any diameter 
through and translattonal velocities u along the axis and v 
perpendicular to it. The impulse of this motion, together with 
the supposed eydic motion^ is therefore compounded of 

momentum in lines through P-r^'' + ^ «i8, 

Llii' perpendicular to axis, 

and moment of momentum Co> round the diameter D, 

Hence if OX he the axis of resultant momentum, (r, i/) the 
coordinates of P relatively to fixed axes OX, OY ; B the inclina- 
tion of the axis of the ring to 0 ; and ( the constant value of the 
resultant momentum, we have 

(eos^ssAu + I; — fsin^=Br; fy=C<i>; 
«nd L i^ij) 

i-sstt cos ^— r sin ^ ; y = sin ^ + 1? cos Bz=(a,^ 
Hence for 6 we .have the difierential equation 

+ • (16) 

which shows that the ring oscillnt^s rotatioually according to the. 
law of a horizontal magnetic needle carrying a bar of soft iron 

rigidly attached to it parallel to its magnetic axis. 

When 6 is and remains iiiliiiitcly «?mn]l, 6, y, and y are each 
infinitely small, .i remains imiintely nearly constant, and the 
ring expenencea an oscillatory motion in period 

tI+(A-B)i](I+Ai)' 

compounded of translation along OY and rotation round the 
diameter D. This result is curiously comparable with the weli- 
known gyroscopic vibrations. 
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Part III. The Influence of Wind on IVaves in water supposed 
fridionless. [Letter to Professor Tait, of date August 16, 1871.) 

TduDg OX. Tertically downwards and OY horiioxiUl, kt 

xsAimit(v— al) (1) 

be the equation of the section of the water by a plane perpendi- 
cular to the wave-ridges ; and let h (the half wave-height) be 

infinitely small in comparison with (the wave-length). The 

jr-compoueiit of the velocity of the water at the suriiGe is then 

~fiaAoo9ii(y— «/) i (%) 

and this (because li is infinitesimal) must be the value of ^ for 

the point (0, y), if ^ denote the velociiy*potential at any point 
y) of the water. Now because 

and ^ is a periodic function of y, and a function of x wluc]i 
becomes lero when od, it must be of the form 

P cos (ny 

where P and e are independent of » and y. Henee^ taking 

putting dp=0 in it, and equating it to (2), we have 
— F» cos (iiy — e) = — luiA oos (i^—iMtQ ; 
and therefore Ps«j|, and e^nmt ; so that we have 

^=aAe-'"co8n(y— (8) 

This, it is to be remarked, results simply from the assumptions 
that the water is frictionless, that it has been at rest, and that 
its surface is moving in the manner specified by (1). 

If the air were a frictionless liquid moving irrotationally, 
with a constant velocity V at lieights above the water (that is to 
srny, values of — .r) considerably exceeding: thr wavc-lenprth, its 
velocity potential y^, found on the same prmciple, woold be 

(V-«)As«'oo8ii(y-«<)+Vy. ♦ . . (4) 

Let now q denote the resultant velocity at any point (x, y) of 
the air. Neglecting infinitesimals of the order {nhy, we have 

4^«=JV«-V(V-«)«A€«8inn(y-«<). . . (5) 

Now, if p denote the pressure at any point (jr, y) in the air, and 
the density of the air, we have by the genml equation for 
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pressure in an irrotatioaally moving fluid, 

o-p=4^+W-a') (6) 

Using (4) and (5) in this and putting C=i<7V*, we find 

Similarly if p' denote the pressure at any point (ar, y) of the 
water^ since in this case is infinitesimal, we have 

— y=iiAa*€-"'ain»{y— ... (8) 

tlie density of the water being taken as unity. 

Now let T be the cohesive tension of the teparating anrfaoe of 
air and water. The enrvatnre of the aurlace at any point (jp, y) 

given by equation (1), being is equal to 

— n'^/i 6 i 11 /I (u^ — «/) (9) 

Hence at any point (9, y) fnlfiUing (1), 

^-/=Tn«A8m/^(.t — a/); .... (10) 

and by (7) and (8), with for x its value by (I) (whicfaj aa A ia 
infinitesimal, only affects their last terms), we have 

l>-|/=A{»[<r(V— «)•+««] -^(l-4r)}ainn(«-«0- • t^^ 

This, compared with i^lUj, gives 

j|[a(V-«)«+««J~4f(l-<r)=Tii*. . . (12) 



Let 



which (being the value of a for V=0) ia the velocity of propa- 

Sw 

gation of waves with no wind, when the wave-length is — • 
Then (12) beoomea 

f:ldb^^»«., (14* 

which determines «, the velocity of the same waves when there 
is wind, of velocity V, in the direction of propagation of the 
wavea. Solving the quadratic, we have 

This result leads to the following conclusions ; — 
Pm. Mag, S. 4. Vol. 42. No. 281. Nov. 1871. 2 B 
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the values of a are positive and iie^tivc ; that ia to aay^ waves 
can travel with or against the wind* The positive value ia 
always greater; that is to say, wavea travel faster with than 
a^inst the wind. The velocity of waves travelling a^wui the 
wind is alwava leas than w, the velocity without wind. 

(2) When 

V < 2w, 

the velocity of wavea travelling with the wind ia greater than 
When 

Y = 2w, 

the velocity of the waves wifh the wind is undisturbed by the 
wind ; a result obvious without analysia* When 

the velocity of waves travelling with the wind is less than the 
velocity of the aame wavea without wind. 

(3) When 

waves of such length that w would be their velocity without wmd^ 
cannot travel against the wind. 

(4) When 

i/<7 

there cannot he wavts of so gniail length as that for which the 
undisturbei] velocity is w, and the equilibrium of the water !» 
essentially unstable. And (13) shows that the uinimuui value 
of w ia 



2v //T(l-<r) 



Hence the wate r w ith a plane level surface is unalable if the \ 
locity of the wiud exceeds 

W.T. 



(16) 



Part IV. (Leiler to Professor Tait, of date Ai^t 23, 1871.) 
Definiug a iripple as any wave ou water whoae length 

■ '^'"^ \/ where 

* Which for poK wstsr » 1*7 centim. (see Part V.). 
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1 + ff 

(<r =='00122), yon always sec an exquisite pattern of ripples in 
front of any solid cutting the surface of water and nio>'intr liori- 
zontally at any speed, f ist or slow. The ripple-ieat^Ui is the 
smaller root oi the equation 

?'^+^^-"'' 

where to is the velocity of the solid. The latter may be s sailing- 
vessel or a row-boat, a pole held vertically and carried hori- 
zontally, an ivory pencil-case, a penknife-blade cither edpre or 
flat side foremost, or (best) a fishing-line kept a])proxiniatcly 
vertical by a lead weight h;iui:inLr down below water, while car- 
ried alonjT at about half a nulc jjcr hour by a becalmed vessel. 
The iishmg-linc .«»how9 botli roots admirably; ripples in front, 
and waves of same velocity (X the greater root of same equation) 
in rear. If so fortunate as to be becalmed again, 1 shall try 
to get a drawing of the whole pattern, showing the transition 
at the si<leB from ripples to waves. When the speed with whidi 
the fishiii- Iiae is dragged is diminished towards the critical 

which is the minimumi velocity of a wave, being [see Fart V* 

below] for pure water 23 centims. per second (or of a nau- 

tical mile per hour), the ripples in front elongate and become 
less curved, and the waves in rear become shoi-ter, till at the 
critu-al velocity waves and ripples sfriii iiciii lv i tjual, and with 
ridtrcs nearly in straight lines ])erpeudicuiar to the line ul motion. 
^This IS observation.) It seems that the critical velocity may 
be determined with some accuracy by experiment thus [see 
Part V. below]: — 

Remark that the shorter the ripple-length the greater is the 
velocity of {n opagation, and that the moving force of the ripple- 
motion is partly gravity, but chiefly cohesion ; and with very 
short rippie4enjgu it is almost altogether cohesion^ t. e. the same 
force as that whidi makes a dew drop tremble. Tlie least velo- 
city of Irictionless air that can raise a ripple on rigorously 
qnicscent frietionless water ia [(16) above] 

1 . ^ 600 centimetres per second 
(oeiog minimum wave*veloeity) 

= 12-8 nautical miles per hour. 

2 li 2 
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Observation shows the sea to be ruffled by wujtl of a much 
smaller velocity thau this. Such rutfling, therefore, is due to 
viscosity of the air. 

W.T, 

Postscript to Part IV. {October 17, 1871). 

The influence oi viseosity gives rise to a greater pressure on 
the anterior than on the posterior side of a solid moving uni- 
formly relatively to u lluid. A symmetrical solid, as for example 
a globe, moving uniformly through a frictionkss fluid, e3:peri> 
ences augmentation of pressure in front tnd behind equsUy; 
and diminished pressare over an intervening xone. Observation 
(as for instance in Mr. J. R. Napier's experiments on his " pres> 
sure log/' for measuring the speed of vessels, and experiments 
by Joule and myself^i on the pressure at difi'erent points of a 
solid globe exposed to wind)thows that, instead of being increased^ 
the pressure is sometimes actually diminished on the posterior 
side of a solid moving through a real fluid such as air or water. 
Wind blowing across ridges and hollows of a fixed solid (s\ich 
as the furrows of a lield) must, because of the viscosity of the 
air, ])ress with greater force on the slopes facing it than on the 
shclter«'d slopes. ll<'nce if a regular series of waves at sea con- 
sisted ot a solid b(Mly moving with the actual velocity of the waves, 
the wind would do work upon it, or it would do work upon the 
air, according as tiie velocity of the wind were greater or less thau 
the velocity of the waves. This case does not afiford an exact 
parallel to the influence of wind on waves, because the surftoe 
partides of water do not move forward witb the velocity of the 
waves as those of the furrowed solid do. Still it may be expected 
that when the velocity of the wind exceeds the velocity of pro- 
pagation of the waves, there will be a greater pressure on the 
posterior slopes than on the anterior slopes of the waves ; and 
mce vend, that when the velocity of the waves exceeds the velo- 
city of the wind, or is in the direction opposite to that of the 
wind, there will be a greater pressure on the anterior than on 
the posterior slopes of the wave*^ In tlie tirst case the tend»*ncy 
will be to autrment the wave, in the second ease to diminish it. 
The (piestion whether a series of waves of a certain height gra- 
ilually augment with a certain force of wind or giailnally sub- 
bide through the wind not being strong enough to ^u.^iain them, 
cannot be decided ofi^hand. Towards answering it Stokes's in- 
vestigation of the work against viscosity of water required to 
maintain a wavef, gives a most important and suggestive instal- 

* " Thermal Effects of Fluids in Motion,'* Royal Society Transactions, 
18fi0 ; and PhU. Mag. 18r>t), vol. \% p. t^h2. 

t Transactions f>f tlu- CHmbri(I<.'(' Pliilosophirnl Society, 1861 ("Effect 
of Intenud Frictiuu uf Fluids on tlie Motion olFeudulunUy" Se^km V.). 
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ment. But no theoretical solution, and very little of experi- 
mental investip:ation,can be referred to with respect to the eddy- 
ings of the air blowing across the tops of the waves, to which, by 
its givinir ri'^e to greater pressure on the posterior than on the 
anterior blopes, the inilueiice of the wind in sustainiog and main- 
taining waves is chiefly if uot altogether due. 

My attention having been called three days ago, by Mr. Froude, 
to Scott llusscirs He port on Waves (British Association, York, 
184 ij^ I End in it a remarkable illustration or indication of the 
leading idea of the theory of the inflaeoce of wind on waves, 
that the velocity of the wind must exceed that of the waves, in 
the following statement: — ^''Let him [an observer studying the 
soHaee of a sea or large lake, during die successive stages of an 
increasing wind, from a calm to a storm] begin his observations 

in a perfect calm, when the sorfiu^e of the water is smooth and 
" reflei^ like a mirror the images of surrounding objects. Ttiis 
" appearance will uot be affected by even a slight motion of the 
"air, nnfl a velocity of h"^M tlinn half a mile an hour (8^ in. per 
"see.) tli)L"^ not sensibly disturb the sriioothTirss of the rejecting 
*' surface. A gentie zephyr llittiug along the surface from point 
*' to ])oint, may be observed to destroy the perfection of the mir- 
*' ror lor a moment, and on departing, the surface remains po- 
" Ushed as before; if the air have a velocity of about a mile au 

hour, the surface of the water becomes less capable of distinct 
" refieiion, and on observing it in sneh a condition, it is to be 
" noticed that the diminution of this reflecting power is owing 

to the presence of those minute corrugations of the superficial 
" film which form waves of the third orier» These corrugations 
" produce on the surface of the water au effect very similar to 
" the effect of those panes of glass which we see corrugated for 
" the purpose of destroying their transparency^ and these corru- 
" gations at once prevent the eye from distinguishing forms at a 

considerable depth, and diminish the perfection of forms re- 
*' rieeted in the water. To tly-tishers this appearance is well 

known as diniinishuig; the facility with which the lish see their 
" captors. This first stap:e of disturbance has this distinguishing 
*' circurnstance, that the phenomena on the surface cease almost 
** bimultaucously with the intermission of the distuibiiig cause, 
" so that a spot which is sheltered from the direct action of the 
** wind remains smooth, the waves of the third order being inea* 
" pableof travelling spontaneously to any considerable distance, 
" except when und^ the continued action of the original disturb- 
" ing force. This condition is the indication of present force, 
" not of that which is past. While it remains it gives that deep 
" blackness to the water which the sailor is accustomed to regard 
'* as an index of the presence of wind, and often as the forerunner 

of more. 
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"The second condition of wave motion is to be observed \vhen 
" the velocity of the. wind acting on the smooth water lias in- 
" creased to two miles an hour, binall w aves then bcGrin to rise 
*' uniformly over the whole surface of the water ; these are wave* 

of the second order, and cover the water with considerable re- 
" gularity. Capillary waves disappear from tlie ridges of tiiCM 
" waveii bnt are to be fotttid sheltered in the hoUowa between 

them, and on the anterior alopea of these wafea. The rcgn* 
^'larity of the dtatribntion of these leoondary warea over the* 
" anrfaoe is lemarkable ; they begin with aboat an inch of am* 

plitudfl»i and a couple of tnebea long ; they enlarge as the ve- 
" locity or dnration of the wave increases ; by and by contermi- 
" nal waves unite; the ridgea increaae^and if the wind increase 
" the waves become cusped, and arc regular waves of the f^rrmd 
"order. They continue enhircinir th<'ir dnrun<=ions ; and the 
"depth to which thrv produce the auMtation increasinp: sininlta- 
** ncously with fluir magnitude, the surtacc becomes extensively 
"covered with waves of nearly unitbrm magnitude.'* 

The "Capillary \\ii\c»" or ''waves of the third order" re- 
ferred to by Rusfccll are what I, in ignorance of his observations 
on this branch of his subject, had called "ripples." The velocity 
of 8^ inches (21 centimetres) per second ia precisely the vdo- 
city he had chosen (as indicated by his obaervationa) for the 
velocity of propagation of the straight-ridged waves streaming 
obliquely from the two sides of the path of a small body moving 
at speeds of from 12 to 36 incbea per second ; and it agrees re- 
markably with my theoretical and experimental determination of 
the absolute minimum wave-velocity (23 centimetrea per aecond ; 
sec Part V.). Russell has not explicitly pointed out that his 
critical velocity of 8 J inches per second was an absolute mini- 
mum velocity of propagation. But tht ul( a of a minimum velo- 
citv of waves can scarcelv have been far Irom his mind when he 
fixed upon 8^ inches per j-ecfHid as the minimum of wind that 
can sustain ripples. In an arUt lc to appear in ^Naiiue' on the 
2Gth of this month, 1 have given extiacis from Uusseirs Report 
(including part of a quotation which he gives from Poncelet and 
Leabrosinthe memoirs of the Frendi Institute) for 1829, show- 
ing how far my obaervationa on ripplea had been anticipate. 
I need aay no more here than that these antictpationa do not 
include any indication of the dynamical theory which I have 
eivenj and that the subject waa new to me when Fkrta JIL, 
IV,, and V. of the present communication were written. 

Paat V. H aves under motive poirer of Gravity and Coieeim 

jointly, without wind. 

Leaving the question of wind, consider {12), and introduce 
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u>^«:^+TVi 



This has a miniiuam value. 



V 



(20) 



111 applying tbr?r formulae to the case of air and water, we 
may neglect the ditiercuce between and g', as the value of a is 
about J^ If) ; and between T and T*, although it is to be remarked 
that it is T' rather than T that is ordinarily calculated from ex- 
perimeDts on capillary attraction. From experiments of Gay- 
Lusaae's it appears that the value of 1* ia about *074 of a 
gramme weight per eenttmetre; that is to aay, in terms of the 
kinctie unit of force founded on the gramme aa unit of mass, 

T=^x 073. 

To make the density of water unity (as that of the lower liquid 
has been a8sumed)|We must take one centimetre as unit of length. 
Lastly, with one second as unit of time» we have 

4^=982; 

and (IB) gives 

for the wave-velocity in centimetres per second, corresponding 
to wave-length ^ When ^ «\/^s*27 (that is, when the 

wave-length ia 1*7 centimetre), the velocity has a minimum value 
of 28 centimetres per second. 

The part of the preceding theory which relates to the effect of 
cohesion on waves of liquids occurred to me in consequence of 
having recently observed a set of very short waves advancing 
ateaduy, directly in front of a body moving slowly through water, 
and another set of waves considerably longer following steadily 
in its wake. The two sets of waves advanced each at the same 
rate as the moving body; and tluis I perccivrd that there were 
two different wnve-lmgtlis which gave the same velocity of |)ro- 
pagation. When the speed of the body's motion through the 
water was increased, the waves preceding it became shorter, and 
those in its wake became longer. Close before the cut- water of 
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a vessel movinj^ at a speed of not more tbRn two or three knots* 
through verv' sniooth water, the surface ot the water is marked 
with an exquisiLeiy fine and regular fringe of ripples, in which 
several scores of ridges and hollowa may be distinguished (and 
probably counted, with a htUe practice] in a space ezteading 20 
or dO ceutimetres in advance of tbe MiL Right atteni of eSher 
a ateainer or tailing vesael moTing al anv apoed above fonr or 
five knotoy wavea may generally be aeen Allowing the veaad at 
exactly ita own apeed, and appearing of anch lengdia aa to veri^ 
aa nearly aa can he judged ue ordinary fomrala 

for the length of waves advancing with velocity w, in deep 
water. In the well-known theory of auch wavea^ gravity ia aa- 
aumed aa the aole origin of the motive foroea. When eoheaion 
was thought of at all (as, for instance^ by Mr« Fhmde in hia im- 
portant nautical experimenta on models towed through water, or 
act to oscillate to test qualities with reapect to the rolling of ships 
at aea), it was justly judged to be not sensibly influential in 
waves exceeding 6 or 10 centimetres in length. Now it becomes 
apparent that for waves of any length less than 5 or 10 centi« 
nu'tres cohesion contributes sensibly to the motive system, and 
that , whi n the length is a small Iraction of a centimetre, cohesion 
is much more influential than gravity as ''motive'' for the vi- 
brations. 

The following extract from pait of a letter to Mr. Froode, 
forming nartof a communication to 'Nature' (to appear on the 
26th of tbia month), describes observations for an experimental 

determination of the minimum velocity of waves in sea>water : — 
" About three weeks later, being becnltned in the Sound of 
" Mull, I had an excellent o])portunity, witii the assistance of 
'* Professor Helmboltz, and my brother from Belfast, of dtt( r- 
*' mining by observation the minimum wave-velocity with sou e 
"approach to accuracy. The tishing-Hne was hung at a disiautc 
** of two or three feet from the vessel's side, so as to cut the 
" water at a point not sensibly disturbed by the motion of the 
veaaeL The speed was determined by throwing into the sea 
" pieces of paper previously wetted, and observing their times of 
*^ transit across parallel nlanes» at a distance of 912 centimetres 
** asunder^ fixed relatively to the vessel by marks on the deck 
*' and gunwale. By watching carefully the pattern of ripples 
"and waves which connected the ripples in front with the wavea 
" in rear^ I had seen that it included a set of parallel waves 

* The speed "one knot" is a vdodty of one nsnticsl nils per boor, or 
61*6 e^timetres psr second. 
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slanting off obliquely on each side, and presenting appearances 
f* which proved them to be waves of the critical length and cor- 
** r* s[) )uding m I Qimum speed of propagation. Hence the coiu- 
** poucnt velocity of the fishing-line perpendicnlar to the fronts 
"of these waves was the true iimiuiiuin velocity. To measure 
" it, therefore, all that was necessary was to measure the angle 

between the two sets of parallel lines of ridges and hollows 

sloping away on the two sides of the wake, and at the same 
" time to measure the velocity with whieh the fishing-line was 

dragged through the water. The angle was measurra by hold- 
" ing a jointed two-foot mle, with its two hranehes, as nearly as 
" could be judged by the eye, parallel to the set of lines of wave 

ridges. The angle to which the ruler had to be opened in this 
" adjustment was the angle sought. By laying it down on paper, 

drawing two straight lines by its two edges, and completing a 
" simple geometrical ronstruction with a length |)io])t'r!y miro- 
*' duced to represent the measured velocity of the movnig solid, 
'* the required minimum wave- velocity was readily obtained. 
*' Six observations of this kind were made, of which two were 
*' rejected as not satisfactory. The foliowmg are the results of 
" the other four 

Vdocity of moving Deduced miDimum wave- 

solid. . velod^. 

51 centimetres per second. 23*0 centimetres per second* 

38 23'8 „ „ 

26 „ 23*2 

Mean . . 23'Z:i 

"The extreme closeness of this result to the theoretical esti- 

''mate (23 centimetres per second) was, of course^ merely a CO- 
" incidence ; but it proved that the cohesive force of sea-water 
at the temperature (not noted) of the observation cannot be 
very different from that which I had estimated from Oay- 
Lussac's observations for pure water.^' 
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XLYII, Preliminary Catalogue of ihe Bright lAnee m the Spec* 
trum of the Ckromo^here. Bp C. A* Young, Ph,D,, Profestor 
ofAttronomy m Dartmouth CoUege*, 

THE following list contains the bright lines which have been 
observed by the wnur in the spectrum of the chromo- 
sphere within the past four weeks. It includes, however, only 

* From the American Journal of Soisnee and Alt for November* con* 
mnnioated in advance by the Author. 
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those which have been seen twiee at least; a number observed 
on one occasion (September 7) still await verifioatioo. 

The spectroseope employed is the same des cri b e d in the 
Jonmal of the Franklin Inatitate for November 1870 ; but eer> 
tain important modifications have since been effected in the in« 
strum en t. Tlic telescope and oolUraator ha?e each a focal length 
of nearly 10 iuclies, and an aperture of I of an inch. The 
prism-train consists of five prisms (with refracting angles of 55°) 
and two half-prisms. The light is sent twice through the whole 
series by means of a prism of total reflection at the end of the 
train, so that tlie dispersive power is that of iwi Ke prisms. The 
instrument fli>iiiut)y divides the strong iron line at 1961 of 
Kirchhoff's seak, and heparuU's li (not b) into itn three com])0- 
ncnts. Of course it easily shows .every thing thai appeai ai uu the 
specti um-inaps of Kiicliliuli and Angstrom. The adjusitmcnt for 
''the position of minimum deviation " is automatic; t. e. the 
diflRsrent portions of the spectrnm are brought to the centre of 
the field of view by a movement which at the same time also 
adjusts the prisms. 

The telescope to which the spectroscope is attached is the new 
equatorial recently mounted in the observatory^ of the College by 
Alvan Clark and Sons. It is a very perfect specimen of the 
admirable optical workmanship of this celebrated firm, and has 
an aperture of iuchess, with a foeal length of 12 feet. 

in the Tahle tlie first column contains dimply the iTferenee 
number. An asterisk denotes that the line afieetcd by it has no 
well-Tnarked corrcttpoudmg dark line in the ordinary solar 
speetriun. 

The seeond eoliniin gives the position of the line upon the 
scale ol Ivuchhoif's map, determined by direct comparison with 
the map at the time of observation. In some cases an interro* 
gation-mark is appended, which eignifies not that the exutemie 
of the line is doubtful, but only that its precise place could not 
be determined, either because it fell in a shading of fine lincs^ 
or because it could not be decided in the case of some close 
double lines which of the two components was the bright one^ 
or, finally, because there were no well-marked dark lines near 
enough to furnish the basis of reference for a perfectly accurate 
determination. ^ 

The third eoliiiiin gives the position of the line uj)on Ang- 
strom's iiorfivd atlas of tlic solar speetriim. In tliis column an 
occasional interrogation- mark ^^denot'is that there is .some doubt 
as to the preeise point of Angstrom's scale corresponding to 
Kirchhoff's. There is considerable dififei^ence between the two 

maps, owing to the omission of many faint lines by Angstrom, 
and the want of the fine gradations of shading observed by 
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Preliminary Catalogue of ChroiuosphericLuiea* 
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880 On the Bright Lheg m the Spectrum of the Chromoephere, 

Kircbhoff, which rcruiers the coordination of the two scales some- 
times difficult, and makes the utlas of Kirchhoff far superior to 
the other for use in the obscn-atory. 

The numbers iu ihc lom tli column are intended to denote the 
percentage of frequency with which the corresponding lines are 
▼isible in my inttrament Thev are to be regarded «« onlv 
roughly approximative; it wooldi of coarse, require a much 
longer penod of observation to famish results of this kind 
worthy of mach conitdeDce. 

In the fifth colamn the numbers denote the relative hrillianee 
of the lines on a scale where 100 is the brightest and 1 the faints 
est. These numbers also, like those in the preceding columni 
are entitled to very little weight. 

The sixth column contains the symbols of the chemical sub- 
stances to whirl), Hrcording to the maps above referred to^ the 
lines owe their origin. 

There are no disa'rreemciits between the two authorities ; m 

the majority of cases, however, An<z-'*trf>m alone indicates the 
element; and there are several instances where the lines of more 
than one substance oonicide with each other and with a line of 
the bular spectrum so closely as to make it impossible to decide 
between them. 

In the seventh and last column the letters J., L., and R. de- 
note that, to my knowledge, the line indicated has been observed 
and its place published by Janssen, Lockycr, or Rayet. It is 
altogether probable that a large portion of the other lines con- 
tained in the catalogue have before this been seen and located by 
one or the other of these keen and active observers; bat if so, I 
have as yet seen no account of such determinations* 

I would call especial attention to the lines numbered 1 and 
82 in the catalogue ; they are very persistently present, though 
faint, and mn be distinctly seen in the spectroscope to belong to 
the chroiiiospliere as such, not being due, like most of the other 
lines, to the exceptionid elevation of matter to heights where it 
does not properly belong. !t would seem very probable that 
both these lines are due to the same substance which causes the 
W line. 

I do not not know that the presence of titanium vapour iu 
the prominences and chromosphere has before been ascertained. 
It comes out very dearly from the catalogue, as so less than ^ 
of the whole 108 lines are doe to this metal. 

Baaovsr, N. U., September 13, 1871. 
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XLVIil* Notices retpeetmg New Booh, 

S xpU mo t ory Menturaiion for tkenMeof SekooU, Contommgwrnittrouo 

exampUe, and (by the kind perminion of the Ox ford Delegates) em* 
bodying nearly all the questions set im (heir local ExammtUuM Papers. 
By the Rev. ALnio Hilby, MjI, London; Loogmoni and Co. 
1871. Pp. 158. 

TT is much to be regretted tlint the Oxford Dele^-ates gave Mr. 

Hiley permissiou to use tiieir questions. By druni,^ so they have 
given a sort of informal authority to a very poor book. Several 
parts of the subject are included that are very iU adapted for 
boys whote knowledge of mathemadct it limited to arithmetic — 
such ai the Mensuration of Segments of Spheres, Fhistums of 
Wedges, &c. But this is by no means the wont point of the book. 
Mr. Hiley*8 statements and exphuiHtions are frcquentlv nwV wardly 
expressed and inexact. Thus he detiues a right-angled triangle as 
one " that contains a right angle" (p. 3). He classifies lines in the 
following queer fashion : — '* Ones may be either straight, curved, or 
paraUel" (p. 1). He lays it down that "T*he circumference of any 
circle is divided into 360 jnvIv called degrees" (p. 6)» instead of 
"SGOstgna/ parts." If an arc ACB subtends at the centre of a 
circle an angle A E B, he tells us that " the arc A C R benr? the same 
ratio to the circumference of the circle that the unyie A E B does 
to (p. 70), instead of " the number of degrees in the angle 

ABB;" and so on in many other cases. 

Occasionally his inexactness wanders into inaccnracyt as in the 
following case (p. 80) : — " To find the circumference or perimeter 
of the dlipse* Multiply half the sum of the two diameters [he 

22 

means the two principal axes] by — If Mr. Hiley will apply his 

/ 

rule to the case in which the minor axis is indefinitely small, 
when the perimeter will equal twice the mfijor axis, he wiii easUy 
deduce the curious arithmetical theorem that 

11^11, 

or, in accord UK c with the rule provided ** when greater accuracy is 
desirable" (p. bi), that 

4=31416. 

Mr. Hiley's account of the prismoid is given in such a form that 
no one who comes fresh to the subject could apply it to the deter- 
mination of the volume of a portion of a railway-cutting ; yet three 
of his examples contemplate this application. He is particularly 
unfortunate in these example?. One of them (which is due to 
the Oxford Delegates) is correctly set, and the answer is correct. 
The two other examples were aj)parently drawn up by Mr. Hiley 
himself. But li he made a model of the solids rcicrred to in bis 
questions, he would find that one or both of the slant faces of the 
cuttings would be not planes but curred surfaces of some kind or 
other, and, as these curred surfaces are notdefiodl, tiie questions do 
not admit of answers. 
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We have by no means cxh lusted the lUt of Mr. Hilcy's inaccu- 
racies. We have, however, said enough to warn teachers from 
adopting it in middle-class schools. Wc fear that it may be adopted ; 
for it is ebeap. it wiQ probably be puffed by ignorant writers^ and 
it comet oat with an apparent sanction firom the Oxford Delegates. 
Bat if it ii adopted, many an intelligent boy will have all the train- 
ing' he ever in an exact science of a far less valuable kind flian 
it might have been had his teacher put into Uis haiuU a weli-written 
treatise on " Explanatory Mensuration." 



XLIX. Proeeedmff8 of Learned 8oeiet§e9» 

KOVAL SOCIKTY. 

[Conthiaed from p. 2^.] 

June 15, l871.^GeMna Sir Edward Sibioib K.C.B.» PrMideat, 

in the Chair. 

n^HB MlowMg oommnnieation was read : — 

**On the Measurement of the Chemical Intensity of Total Dav- 
light made at Catnnia during the Total Eclipse ot December 2J, 
1870.** By Hrtiry K. Roscoe, F.R.S., and T. E. Thorpe. F.K.S.E. 

Tlic following eommuuicntion contain*! tlie n ^ul^s of n series of 
mea&urciaents of photochemical action made at Catania in Sicilj, 
on Dec. 22nd, 1870, during the total lolar eoUpee of that date, with 
the priBary object of determining experimentally the relatioB exist- 
ing Wween this action and the changes of area in the exposed 
portion of the san's disk. The attempt to establish this relation 
has already been made by one of us from the results of observations 
carried out by (.'aptnin John llerscliel, 11. E., F.R.S., at Janikandi, 
in India, during the total eclipse of Aug. 18, iSOS, Uafortuuatelj 
the state of tl^ veather at Jamkandi at the time of the eclipae 
was Tery unfavourable, and tlie tesults Wfve HkmUn not of to 
definite a character as could be desired, and it appeared important 
to verifv them by further observation. The method of measuremoit 
adoptecl is that de»cribed by one of us in tlie Rakerinn Lecture for 
1865; the observations were made in the Garden of the Benedictinf- 
Monastery of San Nicola, at Catania, the position of which, accord- 
ing ti the determination of Mr. Schott of the United States* Coast 
8arfoy,is hit. 37*" 38' 12" N., long. 1* 0' 18" B. Ift order to obtain 
data for determining the variation in chemical inteoritj eaosed bj 
the alteration in the sun's altitude during the eclipse, observatioM 
were made on the three previous daj^ during which the akj was 

perfectly clonrlless. 

In the toiluwing Table the observations taken at about the same 
hours are grouped together : — 
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Table I. 



Mean AJLi- 




Chemical Intonsitv. 


iSo. of Od- 










ierfattont. 




Direct. 


Total. 


0 1 II 

1 30 28 


I 


0 009 


0 000 


0009 


9 28 10 


7 


0044 


0-008 


0 052 


13 9 57 


7 


0 050 


UOl 1 


0064 


19 57 49 


12 


0 072 


0028 


01 00 


24 46 12 


7 


0 095 


0 049 


0144 


2S 24 10 


14 


0108 


0 047 


01 55 



The Hbove numbers coafirmthe conclusion fonm rly arrived at, viz. 
that the relation between total chemical intensiLy and suu's ailitude 
U repreieiitcd by a straii^liL line, or by the ei^uation 

CI.=CI„-|-const. X c, 

where CI. signifies the chemical intensity at any altitude a in circular 
measure, CI^ the chemienl inteoiity at 0^, and oonaU a a number de«> 
ri?ed from the observations. 

The observations on the day of the ecUpse (the 22Qd) were com- 
nitaeed about imie o'clock a.m.» and up to the time of fcni contact 
wero iMKle regularly at internds of about an hour. The sky up to 
this point was cloudleM* and the measurements almost absolutely 
ooincided with the mean numbers of the precedmg day's obsenra- 
tioDS. As the eclipse progressed, and the tempcratnre of the air 
fell, clouds were rapidly formed, and from 40' up to the time of 
totality It was impossible to make any obsservations, as the sun was 
never unclouded for more than a few seconds at a time. As the illu- 
viinated poition of the solar disk gradually increased after totality, 
the clouds rapidly disappeared, the atnonnt falling from 9 (overcast 
as 10) to 3 in about fifteen minutes. The observations were theu 
regularly continued to within a few n^inntes of la-'t contact. 

Althon'j:h the di«k and by far the largest ]K)i l:on of the heavens 
were comjileteiy obscured by clouds during totality, rendering any 
determination of the photochemical action perfectly valueless for our 

r»al object, it was yet thought worth whue to attempt to estimate 
chemical intensity of the feebly diffused light at this time, whidi 
oertsinly is capable of producing photographic action. 

Immediately after the siipposea commencement of totnllty the slit 
was opened, and the sensitive paper exposed for nniet} -tivt' «eeonds. 
Not the slightest action, however, could be detected on tlio paper; 
and we therefore believe that we are correct in estimating the mteu- 
sity of die ehemicall}r active light present at certainly not more than 
0*003 of the unit which we adopt, and probably much less. 

The Table containing the eiperimental numbers and the graphic 
repfeaentatmi of them fti« giren in the memoir. By a graphical 
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DMlfaod the ralative ■rem of the sun vneeViiwd ■! the timet of 
obaerffttbn were obtained ; end theee tie eeen in oolnrnn 3 of Tdble 
IL, the ereft of the unobecured sun being taken as unity. 

Column 2 pves the results of the photochemical obsenntioni 
made during tlio eclipse, obtained from tlic graphical mean, and 
corrected for vanatiou in the sun's altitude, the total chemical action 
immediately before first contact being taken as uuity. Column 1 
givee the apparent sokr times of obserratum. 

Tabli II. 



1. 


2. 


3. 


k 

12 44 


0-915 


0-961 


12 54 


0 876 


0-S80 


1 16 


0-686 


0 037 


1 24 


0*555 


0*534 


2 2 


0-000 


0000 


2 9 


01C5 


0-127 


2 25 


o:m 


0-338 


2 34 


0-464 


0-498 


2 44 


0-601 


0-602 


2 j4 


0-725 


0-736 


3 4 


0-876 


0-861 



From these obsenratians we conclude that the diaumiUiim in ike 
total cheminil hif'^^tftif >/ of thf i^vn & Hifht flnnng an enl^^iB M ifi- 
fectly proporlioiia! to the iinniintudc oj the obscuratton . 

The question ot the variation of (1) the direct and (2) the 
fused radiation is next discussed. On compariug the cnire repre- 
•enCing the chemical intensity of diffiued light with theeurte of aolar 
obacuration, it is fonnd that the rate of diminution in chemical actioii 
exerted by the diffused light is up to a certain point greater than cof* 
mponds to the portion of coHpspd «nn, whilst from this point up to 
totality the rate of diminution l)t ( (•mr^ K -> tli;tn mrresponds to the 
progress of the eclipse. The same rapid dumnntiou lu the chemical 
action of the diffused daylight during the early periods of the eclipse 
was also obeerred at Jamkandi ; it is doubtless due to the dark hMj 
of the moon cutting off the light from Uie brightly illuminated por- 
tir u of sky lying round the solar disk. 

The results of the observations at Catania nre then compared with 
those made at Moita, near Lisbon, and communicated to the Society 
in 1870. This comparison shows* a striking coincidence between the 
two sets of observations. In each case it is seen that the relation 
between solar altitude and total chemical intensity is represented by 
a straight line, although the Catania observations slightly exceed, by 
a constant difference, those made at Moita, in conformity with the 
sliirlit difTerenco in latitude, nud with the fact fhnt the former deter* 
miuatious unc made at a greater elevation above the sea-levrl. 

The Cataiiiu observations further confirm the fact wiiicli we for- 
merly announced, that for altitudeii below jO"^^ the amount ul' che- 
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Diical action effected in the plane of the horizon by diffused daylight 
is greater than that exerted by direct radiation, and also that at alti- 
tudes below 1 0^ direct sunlight ii almost completely rubbed of its 
efaemically active rays. 

(JKOLOGICAL SOCIETY. 

[Continued from p. 318.] 
April 26, 1871.— Frof. Kama, yice-Prondent, in the Chair. 

Tho followiog oommunications wero road : — 

1. " On a new '^pfoies of Coral from the lied Crag of Waldring- 
field,'* By Prof. 1\ Martin Duncan. M.B., F.R.8., F.G.R. 

Prof. Duncan described, under the name of SoUnastr(m Prestwichi, 
a small compound Coral obtained by Mr. A. Bell from Waldrioglield, 
and ttftted that it was particularly interesting as belonging to a 
seef-fbrming type of ooralB wbioh has penisted at least from tho 
Eocene period to the present day. The nngle epedmen oonsisted of 
sereral small erowded ooiaUitee, having cah'oea from to ^ inch 
in diameter, united by a cellular cpithecal coenenehyma. It was 
much rolled and worn before it.s dr])()sition in tlic lU'd Cra^, and 
hence the author regarded it as a derivative f'os.sii in that formation ; 
and he stated that it probably belonged to the rich reef-building 
ooral-firana which saooeeded tlut of the Nnmmnlitio period. 

2. " Notes on tho Minerak of Stroatian, Argyllshire.^' By liobert 
H. Scott, Esq., M.A., F.K.S., F.G.S. 

The paper btated that the existing lists of minerals to be found 
at Strontian were incorrect. The discovery of apophyllite, talc, 
and lircon seemed to be hardly soffldently confirmed. On the 
other hand, Mr. Scott named several species which he had himself 
observed in *i7u, and which are not noticed in any of the l)ookH, viz. : — 
two felspars, orthoclose, and an anorthic fel.«;par in the ^auite ; 
two varieties of pyroxenic minerals in the granites and syenites, 
neither of which have as yet been analyzed ; natrolitc in the trap- 
dykes, muBcovite or margarodite in very largo plates, lepidome- 
lane and sehorL 

Specimens of these minerals and of the others found at the mines 
were exhibited ; but it was stated that, owing to the fact that the 
old workings at the mines in (Hon Strontian had been allowed to 
fall in, it was now no l(^nger possible to ascertain much about the 
association of the species. 

The one is galena, containing very little silver. Tho gangue is 
remarkable for the absence of flnor and the oomperatiTe rarity of 
Uondo and heavy spar. Harmotome is fonnd principally at a 
mine called Bell's Grove, both in the opaque variety and in the 
clear one called morvenito. Brewstoritc occurs at the mine called 
Middle Shap ; and at the mine AMiit<v«niith strontianite is found 
with brewstcrite, bat without harmotome. Caloite is also very 
common. 

Within the last few years a new mine has been opened^ called 
m. JfiV.8.4.yol.42,No.281.iV<w.l87l. 2C 
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Comatee, which 10 in the gneSai, wheieaa the other ndnee lie m 
the janction of the granite and gneiss. At thia mine several fine 
specimens of caldte have occurred, many of them coated with twin 
crystals of harraotomo. siiuilar to those from \iidrc\U!ibcr{?, whereas 
the crvstfils fotind at tlio old luiuo are not so clearly maclerl. 

Associated vvilli those were found a inmilxT of small hexiigoiiid 
prisms, perfectly clear, and exhibiting u very ol>tui»e diJiotiral ter- 
mination. They gave the blowpipe leaetion of harmoteme, and, on 
analjais hj Dr. J. £. Beynolds^ proved to be that mineral, 

Deecloiseaux has already (k-s( rilK>d a qnadrifiunal termination to 
harmotomc, with an angle of 178'' 20'. 

Mr. 8cott fubmitte'] that possibly the rrystals which he ey- 
hibit( d mTp:ht bear laces which had a close relation to those described 
by Dcscloideaux. 

Ho concluded by stating that Strontian promised as rich a harrest 
to the mineralogist as any locality in these ialanda. 

3« *' On the probable ongin of DeposLts of 'Loess' in Korth 
China and Eastern Asia.** By T. W. Kingsmill, Esq., of Shanghai. 

The author stated that the Baron von Kichthofen had lately ap- 
plied tlie l« rm "Loess" to a light clay deposit covering immense 
tracts in the north of China. The author rt^arded tliis formation 
as in great measure K.rresponding to the Kunkur of India, and 
thought that it probably extended far into the elevated plains of 
Central Asia. lUchthofen considered that this deposit had been 
prodnoed by auhaSrlal aotioa t^wn asni&eeof dry land; author 
aigned that it is of marine origin, having been deposited when thsT 
region which it covers was dcpresc^sd at least 6000 feet, a depressbn 
the occurrence of which since the commencement of the Tertiary 
period he considered to bo proved by the mode of d«'p<^'<ition of the 
UpiK-r Nanking Sandstones and Conglomerates, the bold escarp- 
ments of the hills un either side of the YangtsEO, and other pecu- 
liarities of the country. 

May 10, 1871. — Prof. Morris, Vice-President, in the Qiair. 

The following communications were road : — 

1. " On the Ancient llockf? of the »St. David a Proinoutory, iSouth 
Wales, and their Fossil contents, By Prof. R. Uarkuess, f'.&.S., 
F.G.S., and Henry Hicks, Ksq. 

In the Fromontoxy of St. David^s the rocka up«n which the eon* 
glomeratcs and purple and greenish Sandstone, fbrming the teriet 
usually called the '* Longm}'nd'' and " Harlech Groups," repose, an 
highly quartziferons, and in many spots so nearly resemble syenite 
that it is at first difficult to make out their true nature. The appa- 
rent crj-stalf, however, are for the most part angular fragments of 
quartz, not possessing the true crystalline form ut the mineral. The 
matrix doea not exhibit a crystalline arrangement, and contains a 
very large proportion of silica, much exceeding that whidi ii ob- 
tained from rocks of a syenitie nattire. These quartaiferona rocki 
form an E.N.E. and W.S. W. course. The anangement of these roalES» 
which seem to be qnartsi£eroua breccias^ is aomewhat indiatiaot. 
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In the iromodiate neiglibourhood of St. Bavid^s iht v have asso- 
ciated with them irregular bands of hard, greenish, ushy-looking 
shales, mwvh altered ia character, but often presenting distinct 
traces of foliation. In a ridgo running from the 8.E. of Kamsey 
Sound ixk a north-oastcrly direction the greeuibh hlialos are more 
Gompaety and resemble earthy greonstones. 

The qaartziferooB hreocias and their aamoiated ehalra form two 
anticlinal axes, oontigaouB to eofih other, and hare on their 8.S.S. 
and N.N.W. si flea purple and green rocks. 

The ordor ot the rocks from ili*^ 'jUHrtzifcrous bioociaa upward^i 
when not disturbed by faults, ia tis toUows : — 

Lower Cambrian. 

1. 6rf*eni*»h homstones on tho S.E., and earthy Greenstones on the N.W., 
forming tb« outermost port ions of the so-called Sjooitio and Orcenstond 
ridM 

% ConglnTncmtes, cnmposod chieflj of iveU-rounded miwe» of quarts im- feet, 
bedded iu a purple matrix , GO 

3. OraenMh flaggy mubtonet 460 

4. BeJ Hagiiy or abdy beds, affording tho earliest traces of cranio re- 

mains in the St. David's Promontory, namely iJnfjnffUa ^rr' ginea 

and Leperditia camJbrensU , 50 

5. Purple (mmeliiiiMcreemi!)) sandstones 1000 

6l Yellowish-gn y sandstones, slmlen, and fla^^, eontaining the f^enera Plu^ 

tonia^ Comoc0rypkt^ MuroduscM, AffHOStm, Iheca, and Protospot^ia.,. 150 
7« Grey, purple, and i«d flwf aaadstones, ooutaining, with some of the 

ulK>vo-tnenti • I gffiera, uo g«nu8 iWoifomijbi 1500 

a Grey iWjr beds 150 

9. Tbo tni»Dedi of the **M«ii»tiaa Group," richly foanlifcrotUk and tha 

Probable equif akntf of tfat lowMt portiona of tho priaMtdial nna of 
r. Barrmnde 550 

The disc^vory of a fauna (specially rich in trilohitcs) among' these 
rocks of tho Si. David's rroniontory affords very import.-mt informal 
tion concerning the earlier forms of life of the British Isiea. Until 
the discovery of this fauna, thcee rocks and their cqui?alents in 
North Wales were looked upon as all but barren of foasus. We haye 
now, loattered throngh about 8000 feet of purple and green atrata» 
a well-marked series of fossil'*, such aH have nowhere ^le been ob- 
tained in the British Isles. In the Longmynds of Shropshire the 
only evidence of the existence of life durinp: the period of their 
deposition is in the form of mo rm- burrows, and in the somewhat 
indisiiiici impressions which ^fr. Suiter regards as tiilobitic, aud to 
which ho has given the name of Palcpopygc Ranisayi, If we assume 
the purple and green ahalea and sandstones, with their asaooiated 
quarts rodu of Bray Head and the drab shales of Carrick M*Beily, 
county Wichlow, to rapresent the old rooks of St. David's, they 
afford only very meagre evidence of the occurrence of life during tho 
period of their deposition, in the form of worm-burrow s and tracks, 
and in the very indeterminate fossils which have been, referred to 
tho genus OtdJuimia. 

One very prominent feature about the paleontology of the ancient 
rooks of 1^. Band's is the occnrrenoe of four distinct species of the 
genns Ihurados^dtti and this is in strong contrast with the entire 

2G2 
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absence of the genus Olenus. On a comparison of the palaeontology 
of the St. David's rocks with those of the continent of Europe and of 
Ainorica which seem to occupy nearly the same horizon, we hare 
like features to a very great extent presenting themselves. 

With reference to the distributioii in time of 8ome of the earlier 
genera of trilolnteB, it would appear tiiat the geniu OUmm is repre- 
sented in Britain and Europe by twenr^-two epedee, confined to the 
lingula^flagB and Tremadoc rooks, and not ooenrring so low as tlie 
Menevian p^ronp. Tho rib^enec of this f*emis from the Henevian 
j^oup. and it.s occurrent c thronprbnTit the ^\;hole of tlie Linp;iJa-llagrs, 
and in the Tremiidoc rocks, along with the fact that, so far as pre- 
sent observations go, no B|)ecics of Paradoxides ranges higher than 
the Ifenevian group, have affoided good paloontologieal gronndi for 
placing tJie line of demarcation between Upper and Lower Cambtian 
at this spot, and for including the Menevian group in the Lower 
Cambiian, to the bulk of which it is intimatdy united palsBonto- 

2. ' On the Age of the Kxibian Sandstone." Bj Balph Tate, 

Esq., F.G.S. 

The author remarked that the sandstone strata underlying the 
Cretaceous limestones, and resting? upon the granitic and schistose 
rocks of Sinai, had been identified with the "Nubian Sandstone" 
d^ribod by Kussegger as occurring in Egj'pt, Nubia, and Arabia 
Petnea* In the absence of paiaaontologieal oTidence, this sandstone 
has been r e fe rred to the Meaosoic group, having been regarded by 
Russegger as Lower Cretaceous, and by Mr. Bauerman and Jbigari- 
Bey as Triassic, the latter considerin<? an intercalated linieston€»-bed 
to be thp equivalent of t!ip Mn^rbplkalk. The rrnthor has detoct^d 
Orthis Muhf iini in a bl )' k if tliL>H limestone from Wady-Njisb. which 
leads him to refer it lu the Carboniferous epoch, as had already 
been done by the late Mr. Salter from his interpretation of eertain 
enerinite-stems obtained firom it. The anther mentioned other fioasals 
obtained from this limestone, and also referred to species of Lepid^ 
dendron and Su/ilhria derived from the sandstone of the same 
locality. }\o r(>garded the Adigrat Sandstone of Mr. Blanfoid as 
identical with the Nubian Sandstone. 

3. " On the Discovery of the Glutton {Guh lumu) in Biitain.'* 
By W. Boyd Dawkins, Esq., M.A., F.R.S., F.G.S. 

The author in this paper dcferibed a lower jaw of the Glutton, 
which had been obtained by Messrs. Hughes and Hcatou from a 
cave at Peas Heaton, where it was associated with remains of the 
Wolf, Bison, Beindeer, HorM, and Cave-Bear. He remarked that 
he could detect no specific difference between the OvJo msloBiity 
Goldfuss, from Ctoimany, and the hnng Ouh luscus, except vmt tihe 
fossil Carnivore was larger than the hving, probably from the oom- 
parative leniency of the competition for life in postprlnrial times. 
He referred to the distribution of the Glutton in a ffKs.sil state, and 
argued that its association with the Reindeer, the Marmot, and the 
Mnsk-sheep, wonld imply that the postgladal winters were of 
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aietie mmnty ; whilst tho protenoe of reniaiiis of the Hippopotaiiuu 
uaoclftted with the nine group of animab would indioate a hot 
lammer, mch as preTsils oa the lower Volga. 

Kay 84» 1871.-— Prof. John Morris, Yioe-Prendent, in the Chsir. 

The following commnnieations were read :— 

1. ''On the principal Features of the Stratigraphical Bistribution 
of the Biitish Foflsil lamellibianchiata." By J* Logan Lobley* Esq., 

F.G.S. 

In this paper the author showed, by means of diip^ramraatic 
tablt ri, what appears to be the present state of our knowledge of the 
general stratigraphical distribution of the fossil Lamellibranchiata 
in Britain. As a daes, the LameUibnmchs are sparingly repre* 
seated in the Lower» and more numerously in tiie Upper l^lnnan 
group, and fall off again in the Devonian ; they greatly increase in 
number in the CarhomferouSy become scanty in the Permian and 
Trias, and attain tln ir maximum development in the Jurassi*^ roeks. 
They are also larj^ely represented iu the Cretuoenus antl Ti-rii iry 
series. The stratigraphical distribution of the two great subordinate 
groups, the Siphonida and the Asiphonida, corresponds generally 
with that of the class; the Siphonida predominate over the A^pho- 
nida io Tertiary formations, whilst the reverse is the ease from the 
Cretaceous eeriee downwards. Nearly all the families of Lsmelli- 
brMTK'hs are represented in the Jurassir and Carboniferous rocks, 
and in the forni«T very largely. The author remarked especially on 
the great devciopraent of the Aviculidae iu Carboniferous times. 

2. " Geological Observations on British Qniana." By James 6. 
8awkin8, Ksq . F O.S. 

In this paper the author gave a general account of his explora- 
tions of the geology of British Uuiana when engaged in making the 
Geological Bnrvey of that colony. He described tibe rodts met with 
during exearsions in the Pomeroon district, akng the course of the 
Cuyuni and Mazuruni rivers, on the Demerara river, on the E&Fcquibo 
and its tributaries, on the Eupununi river, and amonp: the southern 
mountains. The rocks exposed consist of pmnites and metainorphio 
rocks, overlain by a sandstone, which forms high mountainM in the 
middle part of the colony, and is regarded by the author m probably 
identic^ oc nearly identical, with iJhe sandstone stretching throngn 
YeneQiela and Brasil, and observed by llr. Darwin in Patagonia. 

L. InteUigenee and MueeUanemu Ariidet, 

ON THE TRANSMISSION OF ELECTRICITY IN LIQUIDS. 
ABSTRACT OF A PAFER BT DB. D. MACALVSO*. 

1 iS the first part of this paper the author describes an experimental 
investigation of the changes in the reaistanee 0|>posed by a liquid, 
relatively to the variations of its transverse 8ection» when this section 
Is greater than the lurfiice of the electrodes immersed in the liquid. 

^ From the GiornaU di Scienze Naturali ed Beammmeke, VoL vii* Ps* 
lfrmo» 187 1 . Commonicaled by R. Gill, Esq. 
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Id the lecood part he ahow», alto experimeiitally. that two eiirreiita» 
proceeding from the aame pile and trareUing together in a Bqiiidt 
ezerciie an influence on each other, both heooming weaker, and 
that no such influence is exerted between two currents furnished bf 

inde]>endent piles — an important ffict, which offers a fitrong analogy 
to the phenomena of the interference of light, and appears to merit 
fuither investigation. 

Fechner and Matteucci experimented open the retiatance of liquida 
to electric currenta, hot in an incomplete manner and with inexact 
means of measurement ; so that the results obtained by them cannot 
he considered accurate ; and they are at variance in some casts with 
those given by Dr. Macaluso. 

Tlic method followed by the author '\& similar to that ndoj^ted bj 
Becqucrel in his researches on the electric conductivity oi liquids; 
but he ubes au indicating instrument very much more seositiTe and 
accurate than that of Becqnerel— >that is« a Weidmann's reflecting 
galvanometer. He divides the current furnished by the pile into 
two portions, passing in contrary directions through the two coils of 
tlic galvanometer, and regulates the resistance so R«i to maintain the 
mirror on the zero of the sc ale. One of the two circuits i^ kept con- 
stant ; the other \9 variabU-, and comprehends the liquid and various 
resistance coil^. previoubly compared with one another and graduated 
to a common scale. In experimenting, the apparatus was arranged 
so that the mirror of the galvanometer stood at sero when the liquid 
resistance was entirely removed by {ilacing the electrodes in contact: 
the liquid was then interposed, with various lengths and various 
transverse areaJ* ; the mirror of course moved from its zero position, 
and in order to bring it back a portion of the resistance of the coils 
had to be removed ; this portion of resistance removed was equal to 
that ojiposcd by the liquid in the circninatancca of tOie expenmant. 
With a view to simplifying the conditions, ht adopted aa electrodes 
plates having only one face metallic and naked, the remaining aor- 
faces being varnished ; they were of copper, and the Uqnid aMplad 
was a solution of si!lj>]mte of copper. 

i lic IcDirth of the liquid conductor was varied by placing the 
electrode:} ut ditl'erent dietaaces apart ; and its transverse aection was 
narrowed or widened by means of glass plates placed in a aeries of 
grooves made in the bottom and sides of the trough containing the 
liquid, so as to form a channel of variona erosa aaetaon hetweyn the 
two electrodes. 

'J lie autliiT ali^o experimented upon the case of the two electrode? 
having ditlVrent widths. And he gives Tables of the re'^ij'tanrc op- 
posed by the conducting liquid in the various circumstances ; winch 
resistance he has also expressed by means of curves, in which the di- 
mensions of the liquid section are represented by the abscisMi, the 
resistances by the ordinates. He anivesatthe following concluaions. 

1. Even when the electrode has only one face in metallic COUtact 
with the li(|uid, the electrical resistance of tlie liquid depends not 
only iif>on the dimensions of tljc electrodt>, butalso upon the section 
of the liquid itself at the sides of the electrodes. 
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2. 'Ilia t til e ])(irts of the liquid having most influence upon its con- 
ducting power are those nearest to the straight line joining the centres 
of tfac d^trodcs. 

8. Tbat beyood certain dimensloiis relativelj to certain dirtanees 
between the electrodes, the eross section of the liquid has no further 
influence ; and that the portion of liquid traversed by the current 
increases with the distance interposed between the electrode?". 

4. TTiat the resistance offered by the liquid, as shown by exj»eri- 
mcnt, docs not agree with that calculated according to the law of 
the resistance of circuits relatively to the length and cross section of 
the conductor « euppoiing the conductor to be represented by the 
liquid priem having the electrodes as bases; and the discrepancy 
becomes greater as the length of the liquid increaaesfor a given cross 

section. 

From tlie^e experiments it follows that when an electric current 
travels thiouzh a liquid whose cross section is much p^reater than the 
surface of the electrodes, it tends to diffuse itself laterally. It would 
be interesting to examine if this happens also when only a section of 
the liquid is narrowed — if when a (fiaphragm pierced with a smaU 
aperture is interposed, the current dmses itsdf in the liquid on 
either side of it. Dr. Macaluso's experiments show not only that 
the diffusion takes place, but also that the narrowing^ of the passagje 
by a din])hragm has comparatively little influence on the resistance, 
as, by reducing the width of the passage from 14 inches to an inap- 
preciable inteml (that remaining between the edges of two plates 
of glass ground together), the liquid resistance was 'not quite qua- 
drupled, the resistances in the two cases being as 100 to 378, not- 
withstandlnji: the very great reduction of the area through which the 
current li id to pns* The experiments showed further that when 
the coikUk ting liquid wai? equal in section to the surface of the elec- 
trodes, and was made to take the shape of concentric cylindrical 
shells, its resistance f(dlowcd the ordinary law of transmission 
through metallic circuits. 

Af& descriMng these experiments, Dr. MacaIuso,byatheoretlcsl 
Investigation based upon the known law of the resistance of solid 
and liquid circuits (viz. that such resistance varies inversely with 
the cross section when, in the case of liquids, the section is equal 
to the surface of the electrodes), and upon the fact that the resist- 
ance diminishes when the cross section of the liquid is made greater 
for a grren surface of the electrodes, comes to the conclusion that 
two currents travelling side by side In the same liquid exercise an 
influence upon each other which weakens them both; and gives 
the following experiments relative to this inquiry :- The electrodes 
were formed of a ?rrips of copper points immersed in the conducting 
solution ; these ))oints could he made to approach or recede from 
each other at will, remaining always in the same })lane, perpendi- 
cular to the direction of the current in the liquid, so that the dis- 
tance between the pair of electrodes remained constant. It was 
found that upon successively separatiog the points forming each 
electrode to a greater distance from each other (that ts« upon in* 
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terporing a greater tpaee between fhe lines of corrento ttmni]i]i|f 
together through the liquid), the re^utence dimiPiehed m % certuii 
proportion— ehowing evidently a mutoal interference between the 

various currents pmnnattrifr from the points and taraversinir the liquid 
together. iSimiiar experiments were made with electroclea consist- 
ing of a group of small plates with varnished backs,- and it wasal^ 
found that the resistance of the Uquid decreased as the plates com- 
posing each electrode were set at a greater distance apart ; soeh di- 
minution of resistanoe was more marked when the plates of these 
compound electrodes were close together, relatively to the distanoa 
between the electrodes themselvea« and became inappreciable after a 
certain limit liad been attained. 

In another experiment a glass plate, immersed in the liquid, was 
interposed between the electrodes, and the current passed through a 
rectangular aperture made in the plate; alter observing the resist- 
ance, the plate was replaced by another, in which two apertures 
were made, but of only half the width, so as to divide the current 
into two branches preserving the snme area of passage. This expe- 
riiiicnt WRP rejicatcd with apertures of various widths; and it was 
found Hi all cattb that, upon splitting the current into two branches 
without diminishing the transverse section, the resiatauce duumi&hed, 
proving that two currents travelling side by side ni a liquid weaken 
each other by mutual interference. But other experiments, made 
by Marianini, showed that two currents, furnished by two indepen> 
dent piles, traverse a liquid together without interfering with each 
other. Dr. Macaluso repeated thi»e experiments with greater exact* 
ne«*» and with mcan«» of noting and measuring the derived currents 
resulting from the mutual influence of the two circuits, and found 
Maiianini's condusions to be true. It follows, therefore, that cur- 
rents travelling together through a liquid do not untcrfere when fur- 
nished by independent piles, and that Uiey do interfere when famished 
by the same pile — as in the case of two rays of ligb^ which can be 
made to interfere only when craanatini^ both from the same source. 

From these various rcscarche** the author draws the followinsr in- 

O 

ferencea : — *' The facts so far known regarding the passage of electric 
currents through liquids lead us to imagine that the transmifesion 
takes place chiefly by dectrolysis. Aodmling to Orotthus's theory, 
which seems the most probable, electrolytic deoompoaitton oocuia In 
such a manner that if a particle M A of a salt is decomposed at one 
of the poles, for instance the positive pole, «uch decomposition pro- 
pajrates it-self all along a line of particles to the other p^de ; the i)or- 
tion M of the molecule remaining free at the po»itive electrode 
completes itself by decomposing its neighbouring particle, taking 
from it and appropriattng a portion of matter similar to that of irideh 
it has been deprived by die electrode ; the second particle so decom- 
posed acta similarly upon a third, and so on, until at the other eleo- 
trode the part M is obtained free. And if, instead of a single |>ar- 
ticle, n particles are acted upon bv the electrode, the successive 
decompositions and cuaibumtions take place along n lines of mole- 
(;ules between the electrodes. 
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"As the liquid am aeted upon by the current beoomet greater and 
^irealer when ita dbtanee from the poles ineraaaesy and as* oonae- 
qnantly, the linea of chemical action become longer, it appeaia pro* 

bable that these lines of action exercise a repulsive influence upon 
each other ; so that, on their being forced closer togetlier,aaincreaae 
of resistance or diminution of electric motion follows. 

" Electrical motion must therefore be of such a nature that two 
equal and coincident undulationa (that if, undulationB proceeding 
tram a single pile) travelling dose together, must weaken each other 
ledptocally, perhaps through a transformation of electrical into 
thermic motion. Further, there must be a certain difference between 
the various ?iicce««ive motions', as two equal and coincidcTit undula- 
tions proceLciiiig from two independent piles travel together side hf 
side without the least mutual interference." 



BOIUNO-POINTl OF OBOANIC BODIES. 

To the Editors of the Fhilosophical Magazine and Journal. 

Graz in Oesterreich f^^teiermark), 
Heinrichstrosiie iSu. 3, 
GayTLiiiiv* Angnat 24, 1871. 

Yon would oblige me very mnch by inserting the following notice 
in your Philosophical Magazine. The very interesting treatise of 
Mr. Burden, " Hoilinp^-points of Orcrnnic Rodics " ( Phil. Mn^. June 
1871 , Supplementary Number), contains a mistake ; for the author 
supposes that the velocity of gas-molecules having the temperature 
of t° C. is to be found by multiplying the velocity at 0° C. by 

14- But this velocity is really foond hy multiplying by 




1 ^ It thence followa that^ at the boiling-point of snch 



substances as have a constant number in the last column of Mr. 

(273 + /)* 

Burden's Tables, the qnotient ^ is constant, but not at all 

p 

the velocity of a molecule. In this formula / signifies the boiling 
temperature, p the specific gravity of vapoura. 

Yoors 9se,t 

Lunwio BiLTSHAxir, 



OB8EBVATION8 ON TBB COLOITB OF FLVOBS8CSIIT SOLUTIONS. BT 
BBNBT MOBTON, ?H.]).y PBBSIDBNT OVTHB BTBTBN8 INSTITUTE 
OF TBCHNOLOOT. 

As the result <tf a series of experiments to.be presently described, 
I have come to the curious conclusion that all the familiar fluorescsnt 
solutions, such as the tincture of turmeric, of agaric, of cfalorophyU 

and the solution of nitrate of uranium, emit light of the same colour 
by fluorescence, namely, blue identical with that developed by acid 
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salts of quiuine. Thia blue, however, as is well known in the ca«e 
of quinine. Is not of a einele tint or refrtagibility, but yieldB n con- 
tinuow •peetnim in wbien the more re^nngible raya predominate. 

My attention was first drawn to the subject by obserring that a 
specimen of mixed asphalt, which is here largely ii?cd in the prepa- 
ration of pavements, yielded a light-yellow ?olutioii \^ ith rdcohol 
which fluoresced bhie, and an orange solution with turjientiae whi h 
fluoresceU green, it at once occurred to me that the green colour 
was limply due to the ahtoiptiTe action of die coloared eolntion, 
and not to the development of green rays. Examined with the 
Bpectrosoope, the seemingly green ilaorescenee showed no increase 
in the green or yellow part of the spectrum as compared with the 
blue fluoreecence, but only an absorption of the red nn^l violpt end=*. 
When, however, a ]>i» re of fluorescing canary glass or solid nitrate 
of uranium was examined, the green light was (as ia well kauwn) 
largely augmented. I also found that when, by filtiation through 
animsl ehareool, the solution in tnrpentme was lednced in eolomr. 
the green tint of the fluorescenoe disai^ieaied in a oorrespooding 
degree. This alone, however, would have proved nothing, as a 
green flnon'scing matter might have been absorbed by the charcoal; 
but in com K x ion witli the "pertroscopic result it was of interest. 

I next took up fur examination the tincture of turmeric. This is 
set down in standard works, such as those of Du Moncel and Beo 
querel. as fluorescing red. This solution, when concentrated, has a 
nch orange-red colour ; and the jacket of a Oeiseler tube being filled 
with it, all the light readiing the eye from the electric discharge 
within \^ of a deep ornnge or red colour. If, however, the solution 
is simjilv (llhili d until its colour is reduced to n rich vellow. the 
fluorescence appears green, 'i'hc same result luliuwb from tiltration 
through bone-black, with a marked increase in the amount of fluo- 
rescence visible as Uie light-absorbing colouring-matter is remored. 
By continuing the decoloration until the liooid is colourless or of a 
▼ery light tint, its fluorescence is distinctly blue. 

The results with the spectroscope when it was applied to this 
substance \v( rc the same as with the solutif)n of asphalt. Such also 
is the Cii&t \\\\.\\ tincture of chlorophvl, which, when fresh and 
green, gives apparently a green light, and when old ami brown a 
grey colour. 

Flnallyt I took up tiie altme of nraninm» ahoat which snch con- 
tradietai7 ststements have been published, litis salt in its solid 
state gives a brilliant green fluorescence whose spectrum is figured 

by Bccquercl and abounds in green rays ; but in solution it gives a 
very feeble fluorescence, far inferior to that of turmeric, and of no 
more green tint than would be due to its yellow colour. So in fact 
says also the spectroscope. 

From these rmlts it would seem tiiat the molecules of fluofesccnt 
bodies im tohition are not capable of restricting their vibrations to 
limited ranges, hut move at rates correspondbg with all refrangib»> 
litiei, havinc; simply an excess of the higher ones, though the same 
substances in the solid state may act quite difliereatly, as in the case 
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of nitrate of uranium^ and possibly the fluorescent material in the 
asphalt, which may be related to the loUd hydrocarbon fluorescing 
green which Becqoerel mentions {La Lamikre, tome 1. p. 382). 

In this general connexion let me mention that I have obaerved 
that while the acid salts of quinine generally are fluorescent, the 
chloride is not, and that hydrochloric acid wiU decompOflO the acid 
sulphate so as to destroy its tiuort?ccnce. 

There are several other points in connexion i;\-ith tins and the 
foregoing subject, which I must leave for a subsequent discussion. 

P.8.-^AQgast ]• I have just obtained resulta with tnnneric 
which seem to indicate that its fluorescence is due to the presence 
tH a substance not yet obsenred, soluble in water, and without any 
colour, — Silliman's AmerieanJaanuU, September, 1871. 



ON THE SPECTRA OF THE SIMPLE eASES, 

BY M. A. -J. ANGSTROM. 

In the Mecherches sur le Sj)ectre ^iuiuire which I published in 
1S6S, I already announced that tlie epectrum-obi>ervatiuns to which 
I had devoted myself had not convincicd me of the correctness of the 
opinion of Plucker that one and the same |;aB» in the state of incan- 
descence, could give spectra varying with its temperature. I rather 
believed that in the appearance of the spectra a modification may be 
observed which consists in the elevation of the temperature brinp^ing 
ahout a greater abundance of line5r, uiid that the relative luniinous 
iuteiisity of lliese ime& may abo iiudcr^o bumc chuu^es, but thut 
nevertheless the spectrum preserves its character unalteied. It is 
true that in disruptive discliazges it happens, when the tension of the 
gas is increasing, that the spectral Unes spread, and even end by 
uniting so as to form a continuous spectrum ; but even then one 
cannot ^ny that the result i« n new spectrum. 

Several distinguished ])liysici8ts, however, are of the opposite 
opinion ; and probably the researches of M. Wiillner (according to 
which hydrogen would have no less than four spectra, oxygen three) 
have stienrthened this conviction in the minds of many savants. 
M. Dubruimut has expressed bis doubts of the correctness of these 
results : he remarks that the multiple spectra of oxygen and hydro- 
gen may be due to nitrogen or mercury-vapour introduced by the 
pump into the tubes. M. Wuilner, however, has shown (Comptet 
Rendvs, Jan. 17, 187U) that tlm explanaiiou is inadmissible. 

Yet, as the question of the multiple spectra of the c;ases is a vital 
one lor spectral analysii» and in this light M. Wiillners ohservationi 
are truly important, perchance the following analysis of the pheno* 
meoa observed will not be without interest. Permit me to com- 
mence with a preliminary remark. According to tlie experience ac- 
quired, at lefiet by me, the results obtained concernitig the spectra 
of the gases are not absolutely sure w hen the rarefaction is carried 
to its utmost limits. In proof of this I cite the following fact : — 
On one oecasion, when I rarefied as much as possible, by means of 
a mercurial pump, the atmospheric air in a Oeiisler's tube, at the 
same time causing the discharge of a Ruhmhorff coil to pass in the 
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tube, I obtained in succession the following spectra: — 1, the ordi- 
nary air-spectrum ; 2, the fluted ^spectrum of nitrogen : 3, that of 
carbonic oxide; 4, when the raretaction was at it?* maximum, the 
lines of sodium and chlorine. If to this we add that when a mercu- 
rial pump is employed the mercury-liues may present themselves, 
jmt a» thow of sulphur may when suljphuric add is used to dry the 
gas, the result may easily be a multiphctty of spectra which it would 
be wrong to attribute to one and the same gas. 

As far as I know, I was the first to observe (in 1853) the spec- 
trum of hydrogen. Using on that occasion a Leyden jar to ] r hIucc 
incandescence of that gas, which was at tlie pressure of the atmo- 
sphere, 1 obtidned a spectmn consbtin^ of an intraie line in C not 
clearly limited, and two maxima of light in F and O ; the third maxi> 
mum, in h, was only observed later. Afterwards Plucfcer found 
that by operating with rarefied hydrogen a spectrum is obtained 
with clearly determined lines. It may thus be re^rarded n fact 
long known, that the spectrum-lines of hydrogen bpiead wiieii tlie dis- 
charge becomes disruptive, and that they end, when the tension of the 
gas is augmented, by forming a continuous spectmm. M. Wiillnei^s 
spectrum No. 4, then, is only the ordinary spectrum of hydrogen. 

Pliicker was the first who indicated a second spectrum for hydrogen, 
prinripally charactrri/ed bv a multitude of lines on both sides of D 
and towards C. This i*])ectrum generally appears simultaneously with 
the preceding, but is distinguished from it by several important cha- 
racters. By causing the discharge of a Ruhmlcorff coil to pass in a 
Geissler^s tvbe containing rarefied hydrogen, in a revolving mirror 
two imag^ of the incandescent gas are obtained, which correspond 
to the two spectra : one of them appears as an isolated line, indica- 
tin^ that the light there is of very short duration ; the other, on the 
contrary, widens into a zone traversed horizontally by stria» alter- 
nately bright and dark. It is necessary, in this experiment, to re- 
gard the Gkissler's tube and the axis of rotation of the. mirror as 
placed vertically. The dundon of the last image, in one expeii- 
mentt was from A to 6 thousandths of a second 

Thi'' irnnirc disappears immediately the discharge is made disrup- 
tive by tiie acklition of a condenser. This i)roperty, as wel) h» the 
stratification of the light which accom])anies it, indicate? tliat %ve 
have here a combination of hydrogen, eiliier with itself or a foreign 
body ; the latter is the most probable. M. Berthelot has publish^ 
in tiie Comptet Sendut, some observatiaos on a qiectrom which be 
obtained by means of a combination of hydrogen and benzole. He 
submits that this spectrum belongs to acetylene, and that it has not 
been previously obf*erved. This, however, is not the case ; having 
repeated M. Berthelot's experiments with some benzole, I ascer- 
tained that the spectrum obtained is no other than M. Wiillner's 
hydrogen-spectnim No. 9. Still, if (as M. Berthelot has shown) 

* To determine the duratiou of au ima^, I used M. Kocnig's flames. 
By projecting simultaneoiitly on the revolving mirror the Ifaune agitated by 
the pipe, we have a scale by means of wliidi we can easily determine the 
duration of the luminous phenomena when that duration is veiy short. 
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acetjlene mixed with a sufficient quantity of hydrogen remains un- 
altered la a Geissler's tube, so that a decomposition, if produced, ia 
alwaya accompanied by a corresponding combination, there is nothing 
to prevent us from admitting that the hydrogen-speetrom No. 2 

belongs to acetylene. 

I pass now to the third of the spectra which M. Wiillner thinks 
he bns found for hydrogen. This spectrum, which would he quite 
new if it belonged to the gas in question, is in all probability only 
that of ntlpkttr. This, I belieYe, is most positiTely demonstrated by 
the following Tablet which contains the wave-leDgths of the Tspour 
of sulphur and tbone determined by M. WuUner for this third spec- 
trum of hydrogen. The differences met with in the two serie? are 
easily explrxined hy this consideration — that the wave-lengths cited, 
both fur bulphur and for M. WuUner s spectrum, have not all the 
accuracy desirable. Sulphur- 
Supposed Spectrum of Hydrogen. ^^71 

1. Oroiip of three lines; the middle line .... 5647 



5671 

5645 
5G13 
f5474 
5451 
5432 
5S45 

3. Ghroup of two lines; the second line 5334 



2. Group of three lines ; the middle line .... 5469 



4. Gvoap of two series i the iint line. 5221 

5. Group of three lines ; the middle line .... 5015 



'5207 



5191 
5027 
5013 
4994 

6» Oronp of more than six lines $ the middle line. 4930 4926 
I persist, therefore, in the opinion that hydrogen has only one 
spectrum — the one found in tiie light of the sun and of the stars. 

Beside the known spectrum of oxygen, M. WuUner has observed 
two new ones, which, for brevity, we will designate by the numbers 
2 and 3. According to the description given of No. 2, it is com- 
posed principally of four shaded bands with clean edges on the side 
towards the red field of the spectrum. In order to obtain a more 
exact idea of the position of the bands, I constructed the spectrum 
Itself with the aid of tiie minima of deviation given by M. Wiillner. 
I found that it presented much analogy with the spectrum of the 
oxide of carbon. 1 afterwards determined the wave-lengths of the 
four bands, by construction and with the aid of the wave-lengths 
already calculated by M. Wiillner. The following Table gives the 
▼aloes obtained, and the wave-lengths for the oxide of oarlwn 

Supposed Spectrum of Oxygen. No. 2. 5*1^^" ^?'*!^! 

1. First band 5620 56()9 

2. Second band 5203 51^6 

3. Third hand 4835 4834 

4. Fourth band 4506 4510 
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kM U Men, the agreement is perfectij aatiilactorys let «a add 
that It ia equallf ao in the details, such as the presence of a fainter 
shaded line between 1 and 2, and of ^^vo shaded bands in the red 
field. Hence It is imj^o^'sible to doubt that the speotrum No. 2 be* 
longs to the oxide of carbon 

There now remains spectrum No. 3. This no more than the other 
belongs to oxygen. Perhaps some lines of the known spectrnoi of 
oxygen an fonnd in it; but most of the lines belong to cUorUe. 
This aaaertion ia put beyond doubt by the following Table, which 
oontains the waTe-lengths of the chlonne^apectnim and thoee of 
spectrum No. 3. 



Supposed Spectrum 
1. A laige group .... 

*2. A large group .... 

3. Group of six series . 



of Oxygen, No. 3. 

the first line . . 
the last line . . 

the fir*t Hue . . 
the middle line» 



{ 



very hrij^ht. 
the last line , 
the first .... 
the last 



1 



4. A large groop . • • the last line 



5. Group of three lines 



6. A violet line 

7. A violet line 



' the first .... ,, 
the second. . . 
the third . . . . 



5461 
5404 
5215 

5152 

5090 
4938 
4893 

4805 

40.') 2 
4644 
4637 
4418 
4631 



54601 

5399 

5213 



Cbkriae. 



Oxygen? 



4940 
4895 

(4 SOS ^Chlorine. 

1 4793 
4647 
4642 Oxygen. 
4630 Chlorine. 
44^17 Oxygen. 



The result of the above examination will therefore be, that we 
know not yet any otlier oxyi!:en spectrum than the one observed by 
me in iboli, and which has subsequently been studied with great 
care by Pliicker. 

I ask permissioa to add a few worda on the action exerted by 

magnetism on the spectra of gases; these considerations have an 
intimate connexion with what precede?. Under the influence of this 
action the spectrum ap?iimes, accordin[^ to M. Tr^vc, a quite differ- 
ent aspect ; so Lliat \\ e should be able to produce not merely by a 
rise of temperature, but also by magnetism, the multiple spectra 
which, in the opinion of divers savants, present themselves with 
gases. This is oorrect in several respects ; but the explanation of 
die phenomenon appears to me to be di^rent firom that which has 
been given of it. In fact the modification in the appearance of the 
spectra depends simply on this — thfi?: fhe action of magnetism camei, 
at the incandescent state, the occurrence of other substauces or other 
combinatimu* In certain cases the effect of magnetism may be com* 
pared almost to that which is produced by the addition of a condenser 
to the Ruhmkorff coil ; but magnetism appears also to exert a sort 
of chemical action, obstructing the production of certain OOmbioft> 
tions, and facilitating the production of others. 
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Thua a Geissler't tube has ^Iven, between the poles of an electro* 
mtgneli the ordtnary spectrum of carbaretted hydrogen, whereas^ 
wtdioiU the ioter?eation of mag^netiam, it gave the oarbonie-oxide 
spectrum without the lines of hydrogen being visible. 

\\\ another tube, filled with hyilrogen obtained by the decomposi- 
tion of water and di iL-d with -^uljihuric acid, which gave Plucker's 
twu ii) drogca-specLra. under tiic iuduence of magnecistn there ap- 
pealed those sulphar-linea which M. Wiilloer has regarded as form- 
ing the hydrogen-spectrum No. 3, while the spectrum of carbonic 
oxide was shown on the polar wires. 

Tt would doubtless be premature to endeavour to formulate a law 
accord i 11 iz: to which these changes take j)lace ; but a positive fact is, 
that they do not a[)pear to introduce any new spectrum peculiar to 
the action of the magnetic forces. — Compies RenduSt Augubt 7, 1871. 



OH THS T1B8TIM0NT OV THB BFCCTBOSCOVB TO THK TRUTH OF 
TAB NBBULAa BTP0TBB8I8. BT PBOrBSSOB DANIBL KlBK- 
WOOOy OF BLOOMINOTON^ INDIANA. 

' In March 184$ the partial resolution of the great oebiUain Orioii 
was announced by Lord Rosse. In September of the following' 
year the late Ptofessor W. C. Bond« of Harvard University, stated, 

in confirmation of this interesting discovery, that the part of the 
nebula about the Trapezium " was resolved into bright points of 
light " by the f^roat refractor of Cambridge. ** It should be borne 
in mind," cuutmued Professor Bond, " liiaL this nebula and that of 
Andromeda have been the last stronghold of the nebular theory^ 
that is, the idea, first thrown out by the elder Herachel, of masses 
of nebulous matter in ptooess of condensation into systems." 

These grand achievements were regarded by the majority of astro- 
nomers as fatfd to the claims of the nebular hypothesis. Tt is not 
to be denied, however, that this celebrated theory baa more than 
recovered from the shock which it then received, that it has, in 
foct, been materially strengthened by the researches and disooveriei 
of the la^^t twenty years. The truth of this remark is strikingly ex- 
emplified by the revelations of the spectroscope. The man who at 
the middle of the nineteenth century would have been bold enough 
to predict the discovery of the physical constitution of the heavenly 
bodies, or the determination of the elements of which they are com- 
posed, would have been generally deemed a scientific enthnsiast. 
This, however, and more than this» has been actually accomplished. 
In the hands of Huggins, Secehi, Young, and others the spectro* 
scope, that marvel of modern science, has yielded satisfactory testi- 
innnv, ncit only in regard to such stars a? are rear!ipd by our unas- 
sisted vision, but even respecting the telescopic nebuUij, apparently 
on the outskirts of the visible creation. A detailed account uf these 
wonderful achievements would not comport with our present pur- 
pose. Such results, however, as bear directly upon the theory of 
Laplace will be briefly noted. 
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1. The ring nebula in Lyra, the Dumbbell nebula, the great ne- 
bula in Orion, and othen which might be named* are not, aa was 
bnt recently beUeved, extremely remote ridereal dtntera; bat Mt 
Ugki undoubtedly emanates /ram matter in a gaseous form. 

2. "According to L#ord Rosse and Professor Bond, the brighter 
part? near the tranezinm [in the nebula nf Orion] consi^^t of cluster- 
ing sUirs. If tiiis 1)L' the true appearance of the ucbuLi undLT ^Teat 
telescopic power, tht-u these discrete points of light must mdicaLe 
aeparate and probably denier portiona of the gas, and that the whole 
nebnla ia to be regained rattier aa a aystem of gaseooa bodies than 
as an unbroken Tapofom mass 

3. Progres«We chang-es in the physical condition of certain nebula 
are clearly indicated by the fact that nu( In liave been established 
which, as shown by their spectra, are nut wholly gaseous, but have 
passed, at least partially, to the solid or liquid form. 

4. The spectroscopic mialyus of the light of several eometa roreals 
a constitution similar to that of the gaseous nebuls. 

The spectroscope, then, has demonstrated the present existence 
of immense nebulous masses, ?uch as that from which Laplace sup- 
poseil the solar system to have been derived. It has shown, more- 
over, a progressive change in their physical structure, in accordance 
with the views of the same astronomer. In short, the evideQoe 
afforded by spectrum analyns in ihvour of the nebular hypothesis is 
cumulative, and of itself sufficient to give this celebrated theory a 
high degree of probability. — SiUiman'a^^lsMrtMii Jomrtmi, September 
1871. 



lOUD CRUST Of TBI SIBVH. 

7b file Mtvnoftko FkOMophka MuguMtM emd Jmnmk 

OtNTLBMBir, 

Will you be so good as to print this at the end of your next 
Kumber after recdving it, in order to correct the following errele in 
my letter in your August Number, which has just reaehedCakatta? 

Page 96, line 13, /or column 1 read p. 400, column 1. 

— — • — S6, after fluid interi and of the fluid on itoelf. 

— 99, — 6, for a ead a. 

— — , — 14, /or colfttitudc rea^ codeclination. 

— 100, — 4 , [for cos (/-«') read sin (»' - /) . 

— — , — 21, dV should be added for the attraction of tlie fluid 
on itself. But V immediately disappears again fhim the momeota, 
at the centrifugal force does, owing to the symmetry of figure ; and 
tlie subsequent calculation and reasoning an BOt affected. 

Rige 100, line 29,/or rtud cP,. 

1 am, 

Yours fedthfully, 

J. H. PaATT. 

Csleotla, September 4, 1871. 

* Monthly Notices of the Royal Astronomical Society, voi. xxv. p. 156. 
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LI. On the Omnmon of certain Phenomena with the Origin of 
Mineral Veim. Bp J. Arthitr Philufb, F,C.S,, M. Intt. 

[With a Plate.] 

THE origin of mineral veins is a subject which has long oc- 
cupied the attention of writers on natural history; and 
nnmerous theories have at different times been framed with the 
object of explaioin<r the nature of the causes by which they are 
supposed to have been produced. 

An enumeration and classitication of those which had been 
brought forward previously to 1838 is given by Baron von 
Herder in his work on the Meissen adit, pubhshed in thut year. 
This may be briefly summarised as follows 
1st. Theory of contemporaneoue /onfiii<ibn.^Aocording to this, 
lodes are not mineral matter occupying previously existing fis- 
sures, but were formed either contemporaneously with the 
enclosing rock» or were subsequently produced by metamorphic 
action. 

2nd* Theory of lateral secretion. — Lodes are fissures filled 
by various mineral substances derived from the rocks enclosing 

them. 

3rd. Theory of descenston, by which veins are explained as 
being produced by the tilling of hssures by materials introduced 
from above. 

4th. Theory of ascension. — This teaches that veins are the 
result of deposits of mineral substances which have been intr^- 
dnoed into fissures from below. 

Four distinct modificationa of the last theory may be divided 
into as many sub-classes. 

* Goninittiiicsted by the Author* 
PM. J%. 8. 4. VoL 4a. No. 282. Dee. 1871. 2 D 
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a. InfiUraiian, — The material wai introdaoed by aqueous 

solution. 

h. Aqueous vapours. — The fissures were filled with minecal 

Uiattfr introduced by the aprency of steam. 

c. Siihlimation. — The siilt>tRiiot's ronstitutinii: niineral veins 
were iutroduced iu a gaseous couditiou by f>ubliumliou. 

d, Injectum. — The materials i'orniin^ veins have, according to 
this view of the (^ue^jlion, beeu iutroduced iu a state of igneous 
fusion. 

The formatiou of veins has l)een the sabject of mueh specula- 
tion since the date above referred to ; and various authors have 
either advanced new theories, or have advocated more or less 
important modifications of those before promulgated. 

Amoug the most worthy of consideration may be cited the 
researches of Mr. B.W. Fox, who, after ascertaining the existence 
of eleotrio currents in many of the metalliferous veins of Corn- 
wall, sugi^e^tcd the probability of this force having acted ou the 
various metaiiic Milphides and chlorides, dissolved in the hot 
water traversing fissures, ju such a way as to determine the pe- 
culiar mode of their distribution. He has also endeavoured to 
account for the prevalence of an east and west direction in the 
principal Comisn lodes by their position at right angles to the 
earths magnetism. 

Weighty objections to this theory, however, have been pointed 
out by W. J. Henwood,aswell as by other experienced miners; and 
observed facts would indicate that tbegmeral direction of veins, 
in different mining-districts, varies so entirely, that it probably 
depends rather on lines of fracture than on the action of voltaic 
currents. In fact Von Beust, in his criticism on Werner's theorv 
(1810), uppcary to have conclusively demonstrated that the ma- 
jority ut iode-tis^ures have bccu produced by volcanic or plutonic 
agency. 

It IS well known that mineral veins are usually found lu re- 
gions in which igneous rocks arc abundant, and in situations 
where they have burst through crystalline or other stratified de- 
posits. Lodes also more freijttently occur in rock-formations of 
great age than in recent ones ; and certain classes of them (as, 
for instance^ those of oxide of tin) are only found in the oldest 
rocks. 

Sir Charles Lyell, when speaking of chemical deposits in 
njineral veins, remarks, "We know that the rents in which ores 
abound extend downwards to vast deptlis, where tlie temperature 
nf the interior of the earth is Tuore elevated. We also know that 
uuneral veins are nu)st metalliferous near the contact of plutonic 
and stratified formations, esj)ecially wliere the loruier send veijis 
mto the latter — a circumstance which indicates an original pcoxi- 
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mity of veins, at their inferior extremity, to is:Deons and lieated 
rocks. It is moreover ackuovvlcdged tliut even those mineral 
aod thermal springs which, in the present state of the globe, are 
far from volcanoes, are nevertheless observed to burst out along 
great lines of upheaval and dislocation of rocks 

It is generally admitted by geologists that igneous causes have 
been in active operation in all past ages of the world. They have 
been constantly changing their areas of activity on the earth's 
surface ; and those districts which are now great centres of vol- 
canic action were, at remote g^eological epochs, in a state of 
perfect tranquillity ; on the other hand, districts in which vio- 
lent eruptions took place at fornn'r periods have often been 
entirely free from volcanic eruptions during later geological 
times. It would appear that the last expiring efforts of volcanic 
action i t equently uianifcst themselves ia the form of geysers or 
boiling springs, which, in addition to pouring forth steam and 
water holding various salts and minerals in solution, give off 
carbonic acid, sulphuretted hydrogen, and other gases. 

Hot and boiling springs are exceedingly numeroas in some of 
the mining regions of the Pacific States of North America, and 
present phenomena possessing the highest degree of interest to 
the geologistf. 

The Steamboat Springs, seven miles north-west of Virginia 
city in the state of Nevada, are probably the most remarkable of 
those yet discovered. They are situated at a Ix-ight of 5000 
feet above the level of the sea, near the foot of the eastern 
declivity of the Sierra. In this locality the granite is tra- 
versed by numerous paralU l Ussures, which either give out highly 
heated water or simply eject steam. The principal group of 
crevices, of which the direction is nearly north and south, com* 
prises five longitudinal openings, extending nearly in a straight 
line for a distance of more than 1160 yards. These are often 
full of boiling water, which sometimes overflows and escapes in 
the form of a considerable rivulet, whilst at others it does not 
reach the surface, although violent ebullition is heard to be 
taking place below. These waters are slightly alkaline, and 
contain sodiufn rarhmiate, sodium sulphate, and eoninion salt. 
There is along liie wliolc hue an escape of carbonic acid, sul- 
phuretted hydrogen being also evolved from certain points in 
notable qnn'.itit les. 

iSilica, sulpliur, and oxide of iron arc deposited; and the fissures 
are lined on either side (sometimes to the thickness of several 
feet) by incmstations of more or less hydrated silica. This is con- 

• Elements of Gcolofjy, p. 7^^^' 

t ** NoteH on the Chetuical Geology of tlie Gold-fields of California, by 
J.ArUmr Phillips,** PbU. Mag. November 1868. 

2l>fi 
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ttaatly aeeanralattng on the tides* whilst a longitttdinal central 
crevice affords a passage for the escape of steam and boiltne 
water. Thin silica forms a series of semi-crystalltne bands paralld 
with the walls of the fissure, and often presents the comby ap- 
pearance peculiar to the beds of deposition so frequently observed 
in mineral veins. 

At some distance to the west of tlie line of fi^'^iires now in a 
state of activity, is another group of lougitudiuai siliceous de- 
posits, also presentinir a central crevice, from which steam and 
carbonic acid still escape, althou|[^h no longer traversed hy iiuC 
water. The silica from this locality conLums oxides oi huh and 
manganese, together with traces of copper, and minute crystals 
of iron pyrites. It has also been stated to be sometimes slightly 
auriferous ; but I was unable to detect this metal in any of the 
specimens selected for examination. 

The granite in which the fissures occur is covered, both on the 
eastern and western sides of the valley, by a compact basalt. 

On analysis the deposited silica was found to contain from 
4*72 to 6 per cent, of water; and on being boiled, in a finelv di- 
vided state, with a strong solution of caustic potasaSy ti*6ti per 
cent, of its weight w;is dissolved. 

Tluii sections o! tins Mibstance examined under the micro- 
scope show the reiiilui 111 hUucture of chalcedony, with juitches of 
amorphous silica, stains of oxide of iron, and geodcs of cr^'stal- 
'line quarts. Some few specimens also conUun minute crystals 
of pyrites. An attempt to give an idea of the appearance of a 
section of the deposit from Steamboat Springs, when magnified 
75 diameters, is made in Plate I. fig. 1. The crystals of quarts 
lining cavities filled with atnorphous siliea become very distinct 
when examined by polarized light ; but the chalcedonioua mark- 
ings then almost entirely disappear. 

At the " Sul[»lnir Bunk" on the shores of Clear Lalvc, Cali- 
fornia, is a solfutara some six or seven acres in extent, where 
a much decomposed volcanic rock is traversed by iiiuumcrable 
fissures, from which steam, together with carbonic and boracic 
acids, 18 continualiy issuing. Suljihur is deposited on the 
sides of the crevices ; and gelatinous silica is found coating 
chalcedony and opalescent silica in various stages of formation, 
from the gelatinous state to that of the hardest opal. Thia 
indurated siliea is sometimes nearly colourless, but is more 
frequently permeated by cinnabar and iron pyrites, or blackened 
by a tarrv hydrocarbon. Cinnabar ia also Ibnnd in atris^ and 
occasionally in veins, as well aa in concretionary masses of consi- 
derable size. 

Sections of chalcedony and semi-opal from this place, when 
examined under the microscope, are often found to enclose crys- 
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tals of pyrites, together with crystalline cinnahar^ although the 
latter mintTn] has generally been depositefl in an amorphous 
state*. A speciraen of chalcedony taken from one of tlie fis- 
sures in the sulphur bank, which on being first broken was ex- 
teriorly so soft as readily to receive an impression of the nail, had 
on reaching ilus country become hardened, and had assumed the 
ordinary characteristics of that mineral. Thin sections of this 
•pecimen thow a ttnietare membliDg fine-grained fortification 
agate, and are tra?ened by numerous fiisures filled by opaque 
oxide of iron. Fig 2 it intended to show the appearance of a 
lection of this substance magnified 30 diameters. When ex- 
amined between crossed prisms, brilliant colours are obtained^ 
and the crystalline structure becomes exceedingly distinct. 

The vein-matter of lodes on the Pacific Coast of North Ame- 
rica has genrrally so many characteristics in common with de- 
■ posits produced by solfatara action, tiiat various geologists, who • 
have examined that region, have arrived at the conclusion that 
the two are the result of similar causes. 

Vou Uichthofen remarks that ^' the process which immediately 
follows the opening of fissures at or near active volcanoes, is the 
violent emission of steam. A crevice in this state is called a 9ol- 
fiUara. It has been proved by Bunsen for the volcanoes of Ice- 
land, by Boussingault for those of the South American Andes, 
by St. Claire-Beville for those of the Canary Islands, and by 
myself for the tertiary volcanoes of Hungary and Transylvania, 
that every solfatara, in the course of time, passes through two 
stages, in the first of which the steam is accompanied by gaseous 
combinations of fluorine and chlorine, in the second by those of 
sulphur^ while a third one is ordiTinnly marked by the emission 
of carbonic acid and combinations ot hydrogen and carbon ; at 
which time the term solfatara is iu> longer applicable. We have 
in the elements evolved during the first two periods, all the con- 
ditions required for filling the Comstock fissure with such aub- 
atancea as those of which the vein is composed "t- 

W. P. Blake describes the lodes at Bodie Blufi*, nine miles 
west of the town of Aurora, as being of a character favourable 
for the production of gold, and then goes on to say: — "They 
are all alike in this respect, and doubtless had the aame origin. 
The quartz, instead of being a solid homogeneous mass, is formed 
in thin layers or coat*!, one over the other, like sheets of paper 
or pasteboard,, with irregular thin seams or openings between. 
This structure, with othfT peculiarities, indicates that the veins 
were deposited gradually in the tissures by thermal springs, 

♦ Jnhrhiichfur Mlr!rrii'f>,ju-, $.c., !S71, vi.i!. lii, p. -J^l. 
t Od the Comstock Lode, its ciiaracter, and the probable mode of i\M 
continuance in depth, p. 47> Sau i'rauciscu : 1865. 
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similar perhaps to those now existing at various jiomts along 
the eastern base of the Sierra Nevada, as, fur example, at Steam- 
boat Springrs, Waahoe"*. 

Daubiee obs»cTves that veins can have been but very rarely 
filled either by fusion or sublimation, but tbat^ on tbe contraiy, 
the materials of which they are composed have been deposited 
from solution in highly heated waters f. 

The late M. de Senarmont has shown that the pfindpal mi- 
nerals found in veins may be produced in a cr^talline form by 
tlir aid of water heated to temperatures var)'ing from 130^ to 
800° Centigrade. Among the minerals which were thus ob- 
tained may be enunu-ratrd f|iiartz, spatliose iron, the r;n-bonatea 
of manganese and zinc, sulphate of baryta, sulphide of antimony, 
mispickel, red silver ore, &c.t 

In the present state of our knowledge we are unable to ex- 
* plain ail the various j)lienomena which have been observed in 
connexion with the origin, composition, structure, and mineral 
constitution of veins ; but a careful consideration of ascertained 
^ts would appear to lead to certain general conclusions, forming 
a sort of skeleton map, of which the details remain to be filled in 
by the aid of further research. 

First. Metalliferous lodes are more numerous and prodnctire 
in the vicinity of igneous rocks than elsewhere. 

Secondly. There is abundant evidence of volcanic eruptions 
haviJ^ir tnkcn pincc during all periods of geolog:ical time§. 

Thirdly. SSoltatara action and thermal springs are often the 
latest active evideiiccH of volcanic disturbance. 

Lastly. Crystalline quartz, iron pyrites, sulphide of mercury, 
and various other minerals are at the present imie being depo- 
sited by solfatara action, lu veins possei^sing many of the charac- 
teristics of ordinary lodes* 

* Report on the Fraperty of the Empire Gold sad SilTer Mbiog Com- 

fiiny, by Profeeaor B. Silliinaa, lun., and P. Blake» p. 37. New 
ork: 18G4. 

^ t^Ra|»por< sur ks progrh de la Geologic hJsp&riiHtntale, p. 63, J^m, 

X ** Ezp^rieaces sur la formation artificielle, par mie humide, de quelqnce 

espt^ces min^rnles qui ont nu «(• fortncr (Inns Ics sources thcrmalt s sous 
ractioii combinee de la chalcur ct tie la pressiou," Annules de Chimit et de 
Pkystijue, vol. xxvtil p. 693. "Esperiences sur la formation de qaelouet 
miiK'raux, par voie huniide, dsns us gttes m^taUiftree eoncfft t onnei,** 

ibidem, vol. \x\ii. 

§ Keceat microscopical investigations have also rIiowu tlmt eruptive rocki 
of very different geological ages completely agrtc in couino&ition, texture, 
and mode of occurrcnre. S. Allport, in a paper " On the Relative Ages 
of Tfrneons Hocks," published in the Geolojjical Ms^razinc (October 1871), 
lays, " 1 have abundant evidence thnt uielaphyres of undoubted Car- 
iKmiferOtts age* andbaaalta of Tertiary age. have not only the tame mineral 
eonetitutioD* but also that both present the same stmetnial variety." 
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Is it then unrea8onal)ie to suppose that true mineral veins 
huvc ui igiiially been fissures, often produced by volcanic disturb- 
ances^ which have subsequently bccumc iilled during the ensuing 
periods of solfataraa ana bot springs ? Tbis view of tbe subject 
wonld appear to indicate the nature of tbe connexion existing 
between such veins and eruptive rocks, and also to explain wb^ 
4hey should generally be of more frequent occurrence in the 
older rocks than in formations of comparatively recent date. 

CarefuUy conducted analyses^ executed on large quantities of 
the waters issuing from active solfatsras and thermal springes, 
might probably afford valuable information on this subject ; but 
it must not be forgotten, as observed by M. K. (h* Ht uuinont, 
that we cannot expect the contents of hot springs and mineral 
veins to be identical. The more insoluble of the bodies in solu- 
tion, both simple and compound, will be deposited in proportion 
as the temperature and pressure decrease; the more soluble 
only being diaehai^d in the watoa issuing from the surface*^. 

The occurrence m lodes of minerals exhibiting pseudomorphic 
forms, apparently produced by their deposition in moulds left 
by the removal of crystals of other substances, and the presence 
in dmsy cavities of stalactites of calcite, quarts, pyrites, &e«, 
indicate that a partial decomposition and re-arrangcment of some 
of their constituents has been effected by the action of water at 
comparatively low temperatures. There can nl«o \w little doubt 
that fissures and cavities have sometimes been tilled by infll- 
tratiou trom the enclosing rocks, as well as by the percolation 
of meteoric waters from the surface. The operation of these 
agencies is perhaps, in most instances, extremely slow, uii hough, 
according to li. B. Smyth, even gold, under certain conditions, 
may be deposited in appreciable quantities within comparatively 
ahort periods. This author atates that, in the gold-fields of 
Victoria, pieces of highly niineralised fossil wood, taken from the 
deeper workings, as well as timber used for supporting galleries, 
which had remained in the mine for some years, have exhibited, 
under the microscope, particles of gold adhering to and intermixed 
with crystals of iron pyrites, all throui;h the central parts of the 
woodf. This is confirme(H>v ATr.T'hichjwho saysthat in the j^old- 
drifts pyrites is often iVuiiicl mcrusting or replacing roots and 
driftwood, and tiiat samjyles, assayed by .Alessrs. Daintree, Latta, 
and Newbery, have yielded amounts of gold varying from a few 
pennyweights to several ounces per Lou. According to Mr. H. A. 
Thompson, a specimen of pyrites from the centre of an old tree- 
trunk gave by assay above BO os. of gold per ton J. 

♦ Bulletin, vol. iv. p. 12/8. 

t The Qokl-ilelda and Mineial Distrietoof Tietoria, by R. Braugh Smytb, 

p. 74. 

X Note* oa the Physical Geography, Geology, and Miner^ogy of Vic- 
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On examining pyrites forming the tubttaiiee of foesiliad 
trees found in the deep diggings at French Corral, CaliCmia, 
I was unable to detect any decided traces of gold; but assays 
of several Bpecimens of the cementiag pyrites of an aoriferoos 
deposit of tertiary age, and probably belonging to the later Plio- 
cene period, invariably afibrded a small amount of that metal. 
A microsrnpical cxrifiniiat ion of tlic f^o]d in thi^; pvrites showed 
that the 1 ragiueutii were frequently angular, and apparently un- 
waterworn. 

In order to ascertain whether waters traversing mineral veins 
contain [iu a|ipieciable quantity of uu) oi the constituents of the 
lodes thiou<^ii which they pass, I subjected three specimens, 
obtained from deep Cornish mines^ to careful analysts. I am 
indebted for the samples operated on to Mr. Francis Oats^ of 
Botallaek, a member of the Miners* Association of Cornwall, who 
in each case collected about six gallons of the water iatuing 
from the bottom of a level, where the lode beneath remained 
intact, in clean and carefully stoppered glass bottles. 

TVnter from Balleswidden Mine. — This was collected from the 
bottom of a sink below the 50-fathom level on the " Pye Lode/' 
which is one of a series of veins having a south-easterly direction 
occurring in gramtf, and which are chiefly lomposed of quartz, 
mica, schorl, and oxiii* of tin. The nearej*i knowii junt Lion of 
granite with clay-slate is at a distance of about one and a halt 
mile from the point from which the water was collected. 

The following are the results, in gndna per gallon and grammes 
per litre, obtain^ by analysis. 

Specific gravity not taken. Total solid contents 13*59 gruna 



per gallon. 

Grains Gramme 

per gallon. per litre. 

Chlorin 8*59 *0612 

Sulphuric add (S0«). 4*80 •0685 

Silica '70 -0100 

Alumina . . • • trace trace 

Lime 2*80 "0400 

Magnesia • • • • trace trace 

Iron* -08 0011 

Alkalinr chlorides . 6-10 -0870 

Pota.s.mm .... -49 -0070 

Sodium .... 2-02 -0288 

Carbonic ucid . . trace trace 



toria, by Alfred H. C. belwyo and George U. F. Ulticb, p. 56. Mcl- 
boume; 1866. 

* By potusilUB diduomste. 
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The foregoing results may be rendered thus* : — 











per {gallon. 


per litre. 


Calcium sulphate 


.... 6-80 


•0970 


Sodium ciiionde 




•0735 


Potassium chloride . 




•0135 


Alummimn ehloride. 




trace 


Ferrous carbooate . 




•0022 


SUica 




•0100 


Magnesium chloride. 




trace 






trace 


Total by addition of oonstituentB • 18*76 


*1962 


Total found directly 


.... 18*59 


•1988 



Wafer from BotaUaek, No. l.-^This was issuing from whole 
ground at the 205-fathom level, " Higher Mine/' in granite. 
It is the deepest part of the mine in that portion of the workings; 
and the vein is remarkably free from the presence of sulphides, 
but yields tin ore of great purity. The following results were 
obtained by analysis 

Specific gravity = 1-0006. Total solid contents 4& }9 grains 

per gallon. 





Gruiijs 


Gramtiie 




per gallon. 


per litre. 


Chlorinr , . . 


. 9-78 


•1394 


Sulphuric acid • 


. 15-65 


•2232 


Silica .... 


. 70 


•0100 


Alutiiiuu 


. trace 


trace 




, 910 


•1297 


Magnesia . . • 


. trace 


trace 






•0199 


Arsenic . . • 


• trace 


trace 


Alkaline chlorides 


. 16-50 


•2353 


Potassium • • . 


. -94 


•013 4 


Sodium • . . 


. 6-78 


•0824 


Carbonic acid . • 


not estimated 





• As the stato of combiuation m which the various substances present in 
uiineral waters exist cannot be accuratelv determined, the system of group- 
ing, adopted in this and the following Tables of a limilsr nature, miist» to 
soBBc extent, be regarded as arbitraiy. 
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These retiilU may be eipresaed aa followa 





\J 1 ft 1 119 


l?ff*amflnji 
VJ 1 IlLilUlC 




p«r gallon. 


per litre. 


Calf in 111 sulphate . . 


. . . 2214 






. . . 14-70 


•2096 




. . . 1-80 


•0257 


M arseniate 


• « • trace 


trace 


Magneaiam chloride 


. • • trace 


trace 


Alaminiam chloride * 


« • • trace 


trace 




. . . 2-90 


-0414 


SUica 


... -70 


•0100 


Total by addition of eonatitaenta • 42'24 


-6024 


Total found direetly . • 


. . . 42 -19 


•6017 



Heater from Botallack, No. 2. — ^Thia water was collected from 
the 245-fathom level, under the aea, in the "Crown Mine/' 
from the deepest part of the workings. The lode is enclosed in 
a magnesian clay- slate, anrl chiefly consists of quartz spotted 
with cop|}er pyrites^ arsenical pyrites, oxide of tin, galena, blende, 
and calcite. 

The results obtained by analysis were as follows ; — 



Specific gravity = 1*0105. Total solid contents 1003 gnuns 



per gallon. 






Grains 


Grnmnies 




per g&lloD. 


per litre. 


Chlorine . . . 


440*17 


6-2778 


Iodine . . . . 


trace 


trace 


Bromine . . . 


trace 


trace 


Solphuric acid . . 


85*32 




Silica • • • . 


trace 


trace 


Alumina , « . 


.45 


•0064 


Lime • . . . 


140K)2 


1-9070 


Magneaia . , . 


15-30 


-2183 


Iron 


0-70 


*0100 


Alkaline chlorides. 


684 00 


9-7556 


Potassium , . . 


9-7f> 


•1392 


Lithium , , . 


•Hi 


•0119 


Sodium .... 


259-80 


3-7054 


Carbonic acid . . 


15505 


2-2114 



Theforeguin^ results may be thustabul^d: — 
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per gallon. 


per litre. 


Caiciuia sulphiitc . . • 


. 120-87 


1-7240 


Sodium cliliirule . . 


. 660- HO 


9*4247 


Potiiiisiiiui chloride 


. 1G82 


•2400 


iodide • • • 


• trace 


trace 


bromide . • • 


trace 


trace 


Litbiam chloride . . • 


. 610 


•0727 


Magnesium chloride . . 


. 8705 


-5284 


Aluminium chloride • . . 


•86 


0122 


Calcium carbonate . . . 


. 161-16 


2-2985 


Ferrous carbonate . • . 


. 1-45 


•0207 






trace 


Total by addition of conatituento. 1 004' 1 1 




Total found directly . , 


. 1003 00 


14^3<J 17 


Excess of carbonic acid • 


. 83*59 


1-1923 



It will be observed that the amount of soluble matter in the 
first two specimens is small, and that the con8tituents do not 
differ materially from tliose whicl! might be expected to occur 
in ordinary well-water Irum the t^ame district. The third sample 
evidently consists of a mixture of sea-water with water derived 
lirom other sources. 

The solid contents, however, are considerably less than in 
sea-water, and consequently, in order to institute an approxi- 
mate comparison between them, we will suppose sca-water to 
have been diluted with distilled water untd the total amount of 
fixed constituents has been reduced to that contained in the 
water from Botallack. 

For the purposes of this comparison I have selected an ana- 
lysis of water from the Irish Sea by T. E. Thorpe and E. 11. 
Morton, in which the fixed constituents amounted to 33*8B85 
grammes per litre*. The water from Botallack aiV u Jed 14-H047 
grammes of solid matter per Htre; and therefore, li we multiply 
the several estimations of Messrs. Thorpe and Morton by 
14*8047 

88'8885 ~ obtain the respective amounts of the various 

constituents which woald be present, in a mixture of water from 
the Irish Sea with distilled water, containing 14*8047 grammes 
of solid matter per litre. 

* Ann, Chem, fkarm, elm. 122-131. 
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Wttcr from the Iiidi Water from BotilhdE 

Sea DO diluted with taken from workiaga 

JistilU'il ^vnfer as to under tbc sea, 

contain M JU-i7 grammes "Crown Mine." 
•olid matter per btre. 



Chlorine 
Iodine . • 

Bromlue 
Sulphuric acid 
Silica . • 
Alumina 
Liuie . , 
Magnesia . 
Ferric oxide 
Alkaline chlorides. 11*4905 



Grammes per litres 
calculated. 

. 7-8734 

• t* 

•0259 

. 1U959 

• i» 

. -2431 
. -8590 
. -0019 



Potateinm . 
Lithiam . . 
Sodium . . 
Ammonia • . 
Carbonic acid 
Nitric acid • 



•1654 
trace 
4*8969 

trace 
•0096 



iiBiir 



Oram met per li^, 
found. 

6-277« 
trace 

trace 

1- 2129 

t ia<-«. 

1 -9970 

•2182 

-0143 
9-7556 

*1392 

-0119 
8-7054 
not estimated 

2- 2114 
not estimated 



In the above Table a general aooordance will be observed be- 
tween the figures obtained by analysis of the Botallack water 
and those calculated on an assumed mixtnic of sea-water with 
distilled water; it will be remarked, however, that lithium and 
large quantities of lime and carbonic acid have been taken up. 
A comparison of the fiirur<'8 in the two columns also reiulor-^ 
it « \ ident that magnusm Ijas been in some way abstracted from 
solution, although the rork* in which the lotle is enclosed have 
been found to contain much larger quantities of magucbia thau 

of llliiC*. 

Copper, zinCi lead, tin, &c. were carefully sought for by the 
usual testa without success ; but the spectroscope was only em- 
ployed for examining the alkaline chlorides with the fliune of 
an ordinary Bunsen gas-burner. It is, however, probable that 
traces of various substances, present in such minute quantities 
as to escape detection by ordinary means, might be found by 
spectroscopic observation with the assistance of a powerful in- 
duction -of] ; and 1 therefore propose to make further investiga- 
tions by tiie aid of this instrument, and nl-^n to operate on very 
large quantities of the various waters subjected to analysis, 

* Analyses of two of the clay-slates from this locality affudcd respec- 
tively:— Hme 4 05, mn{?nesia 6*58 per cent.; and hme 4'/^, msgnssia 1 1-61 
per cent. Phil. Mag. February 1871* 
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A diffiriiltv in all invcsti*!:ations of this cinq's mu«»t rtrcessarily 
arise Iroin the impossibility of determmiufr the distance which 
the waters, in each cajie, huve pa^ed tbroujrh the several lodes. 
It is cousequeiiLly qiiit<' possible that sauiples of water may 
have beca examiucd whicii^ atier pa^m^ tor loug distances 
through the enclosing rocks, may have ultimately entered the 
?et]M a few feet only from the point ftt which they were eollected. 

Should, however, one epeciaieii of water be foaod to oootun 
appreciable amouDta of the eonatitnents of the vein from which 
it i:isued^ whilst another is comparatively, or entirely, free front 
them, it might be inferred, all other conditions being the same, 
that the first had traversed a greater extent of vein-matter than 
the second. 

It is eWdent tliat much time must be expended and numerous 
analyses made bciorc reliable conclusions can be arrived at j and 
should waters containing; ai)prcciable quantities of the consti- 
tuents of the veins from wliich they bavc issued be discovered, 
an iuiportaut question will still remain unanswered, — Is the 
water ascending through a meUUiferons vein ever the medium 
from which fr^ deposits of mineral matter are being produced 
at the present time ? or does it, on the contrary, take up and carry 
away some of the constituents of the lode, giving rise to new 
combinations and a re-arrangement of its elements ? That both 
these actions may sometimes be going on simultaneously does 
not appear improbable. 



LII. Or^'n iV0ftie-/orc^. By Jambs 8t.*Cla.ie Gaat, 

M.B.CM.y F.F.P. ^ S,G,, Aiusiant to tht Proffe9$m' of Me- 
ikeal Juruprudence, Glatgow UmvertUy*. 

IN the * Chemical News' of date August 11, 1B71, I drew 
attention to the fact that, by the action of a solution of 
caustic potash on sulphur and phosphorus, there was developed 
an electric current of which the electromotive power, as regis- 
tered by Sir William Thomson's electrometer, was greater than 
that of a Daniell's cell, the ratio of the power produced being as 
four is to three. 

The objj-ct which 1 had in view in first making the investiga- 
tions abu\ r referred to, was to obtain some proof in supjiort of a 
theory which a considerable time ago occurred to me relative to 
the source of the nerve-power. 

According to this theory, I assumed in the first place that the 
nerve-power had in it an electric element, but failed for some 
time to discover any satisfactory source whence this agency could 
be derived. After a lengthened contemplation of the various 

* Gcoimiiaiested bjr the Anther. 
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constitiK lit ( ]( Hunts of the body, it orriirrcd to nic that sulphur 
and phu>}ilMii us might bti tho&e to vUiich 1 should look. Acting, 
then, from the fact that in thebraiu there was a very considerable 

troportioji of phosphorus, that iu the liver there was present i 
irge proportion ok sulphur, while between the two there wae in 
constant cireaUtion an alkaline Unid, the blood aeting on these 
£iiets» and having in my mind the idea that nerve-power and an 
electrical enrrent, if not identical, were closely related to each 
other, I constructed the cell already mentiooedy with the abote 
result. HsTingj then, by this experiment determined that an 
electric current was produced in the cell containing the sulphar 
and phosphorus in alkaline solution, T turned my attention to 
the actual conditions (tlu- conditions tound to exist in thv living 
animal), and by the foUou mir experiment proved the existence 
between the brain and liver ot an electric current. 

iu the tirst place, the hind leg of a frog was prepared as a gal- 
vanoscopc, according to the directions tirst given by Galvani,and 
which were followed out so carefully and successfully by Aldint 
and Matteucci ; then to a rabbit 21 oi. in weight chloroform was 
administered till complete anaathesia was produoed. An inci* 
sion was then made through the abdominal walb in the right 
hypochondriac region, and through this aperture a pro|>erl^ in- 
sulated copper wire was passed into the substance of the li?er; 
the eyeball was then pierced, and a similar piece of copper wire 
hnM^irht into contact with the brain by forcins: it through tlie 
optic iuiaiiK n. The free extremities of the copper wires were 
then brought mto contact with the exposed sciatic nerve of the 
frog*s limb, when powerful convulsions were induced in the 
muscles receiving their nervous supply therefrom. 

Having, then^ by this experiment proved that between the 
brain and the liver there exists an electric current, it is, I think, 
quite feasible to assume that at least a portion, if not the whole, 
of this current is due to the action of the alkaline medium on 
the sulphur and phosphorus contsined resp( ctively in the liver 
and brain, which current we have already found to be produced 
in the sulphur-and-pliospliorus cell. That in the animal economy 
other sources of electricity do exist I should be the last to deny; 
but that this, as a soiirrr of ncrvn- motor power, is perhaps ^(T(Ttid 
to none receive^* cnniirmation, 1 think, froin n consideratu n of 
the amount ot phosphoric acid excreted bv tin kidni'vs as phos- 
phate of soda, potash, lime, and uinnioiiia, uuiuuijiino;- on an 
average to rather more than 72 grains per diem, and of sulphuric 
acid, 88 sulphate of soda and potash, amounting to nearly 100 
grains, the oxidation-products of sulphur and phosphorus being 
in the main derived from the two organs in which they in the 
greatest proportion abound. 



Mr. W. Mathews on Oketer^motum, 415 

Taking, then, for granted that we have here arrived, in part 
at least, at a .^(;hition of the source of ncrvo-motor power, I look 
Upon the sympatiietic nerve, its branches and ganglia^ not as a 
separate or isolated sysLcai, hut merely as a constituent part of 
the general Dervous system — a part, however, to which is assigned 
the fiinedon of gnidmg and regulating the movements of invo- 
loDtarj mascakr fibre, receiving from the common source its 
nerro-motor power, but moulding it to its own purposes and re- 
quirements; while I think it not at all impossible that in the 
great serous cavities of the body (the peritoneum, pleura, peri- 
cardium, and in those of the encephalon) we may find an ar* 
rangemcnt to exist in many respects analogous to Lcyden jars. 

These ideas may appear to many crude and imperfect ; but the 
subject is still being investigated, and in a future Number ad- 
ditional facts shall be communicated* 

16 Ncvv?(in Trn-.u r, niasgOW, 
September 4, 18/1. 



LIU, On Canon Moselcy's views tptm Oheier*motutn, 
William MaTHSwe, Pretideni of the Alpme dubK 

rpMIE argument by which Canon Moaeley attempts to prove 
J- that the descent of glaciers by their \veiy:ht alone is a 
mechanical impossibilitv, as coniaiiied in his coimuuiiication to 
the Royal Society, read January 7, 18G9, may be stated m the 
following propositions : — 

1. In every transverse section of a glacier every particle of ice 
is, at the same moment of time, moving over and alongside ita 
neighbours. 

2. The absolute motion of any point in the surface of a glacier 
is proportional to its distance from the nearest side, and to its 

height from the bottom of the channel. 

3. This differential motion can only take place by the process 
which, in mechanics, is known by the name of shear. 

4. The resistance which ice offers to shearing, or its shearing- 
force, as ascertained by expernnent in the sheariug-appai atus 
devised by Canon Moseley, is not less thau 75 lbs. per square 
inch. 

5. But in order that the Mer de Glace may descend by ita 
own weight, at the rate at which Professor Tyndall observed it 
descending at the Tacul, its shearing*force per square inch can- 
not be more than 1*3198 lb. 

I propose in the present communication to examine these pro* 
positions, 

« Conmaaicsted by the Author. 
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The first has been rliallnnared more than onre in the course 
of the controversy, witliouL eiieiUug any rtjoaider from Canon 
Moseley, no doubt from the absence of any materials a?aildble 
for the rapport of tho hypothcus. The fact ia« thai wbiie wa 
have nnmeroiia obaervationa of the aboolute motioii of virioot 
potnta of the anrfaeea of glaeien, obserrers do not appear to hawe 
been sufficiently alive to the importance of attending to the dif- 
ferential motion, of determining the law of ita variation from 
molecule to molecule, and of aaoertainiDg whether it ia coDli- 
nuous or not. 

Observations of ihU kind are by uo means easy to make, and 
require to be cuikIik ted with great care and delicacy, ermrs which 
might safely be ili^regarded in a deterniiuatioii of inerage daily 
velocity becouung serious when relative and nut abteolute motion 
is the object of investigation. These errors arise from the di&* 
colty of boring with the augur vertical holea in the ice, of driving 
the atakea vertically into the holea that have been bored, of re- 
newing the holea in the aame vertical when the glacier haa melted 
away from the stakea, and from the cooitant tendency of the 
atakes to heel over to the aouthward in conaequence of their 
heated faoea enlarging the holes in the direction of the sun. 

During a short tour in the Alps in the autumn of 1870, I 
attempted, in concert with my friend Mr. A. Adams Reilly, to 
innkr some observations upon differential motio!i, nnd selected 
tiit side of the Great Alctsch Glacier as the iieid of our ope- 
rations. 

By means of a well- defined station on the right bank of the 
glacier, and a well-defined object on the left bank, we ranged out 
a line between 60 and 70 yarda long* We drove our fint atake ' 
into the ice 80 feet from the atation, as near to the edge of Uie 
glacier aa we could conveniently get it. I ahall denote thia atake 
by 0. We had intended to stake out the line every ten yarda j 
but, from certain local difficulties, we were obliged to drive in 
stake 1 at a distance of nioe yarda from 0. Stake ft was eleven 
yards from 1 ; and the remaining four stakes were placed at 
successive distances of t»M! yards c'lrh. The line between 0 and 
1 was staked out into nine subdivisions of three feet each, and 
the fipace between 5 and 6 into five subeli\ isions of six feet. 

Our work was completed in the alti uuiou ot Monday, the 22nd 
oi August ; and the line was reexamined on Wednesday^ the 24th, 
after an interval of forty -eight hours. 

In the fint place, the spaces between the atakea were carefully 
lemeasured, with the following reaolta ^ 
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Ai\p\sf 22. August 24. 

Dktaoces. Distances, 

ft. in. ft. in. 

. 27 0 26 10 

. 83 0 38 0 

. 30 0 80 0 

. 30 0 80 4 

. 30 0 80 0 

. 30 0 30 0-6 

180 0 180 2*5 

Wc were surprised to find that darinc- tlie two days' interval 
tbe space between 0 and 1 had been siioitened by two inches. 
It is not probable that this was due to an error of obtemtion, 
as tbe difference was found to be distributed over most of ihe 
subdivisions. Tbe elongation of tbe space between 8 end 4 was 
dae to the widening of a crevasse which crossed tbe line obliquely 
in that part. 

The following are tbe absolute and relative motions of the 
stakes during the two days' interval 

Number Absolute moUon* Relative motion. 



of stake. inches. inch. 

0. . . . 2-50 

1. . . . 300 0-50 

2. . . . 4 00 1-00 
a . . . 5-25 1«26 

4. . . . 8-50 -1-76 

5. . . . 4*50 1-00 

6. . . . 6 00 0-50 



Tliesc figures show an increase of differential motion in pro* 
ceeding from tbe edge of tbe glacier to a point abont thirty ^wrds 
distant, and a subsequent decrease in proceeding towards the 
centre; witb a relative regression of the ice in the neigbbonr- 
bood of stake 4, as indicated by tbe negative sign. The 
greatest differential motion is between stakes 3 and 4. It 
arnounts to no more than '875 inch in twenty-four hours over a 
distance of 3G0 inches, or about -A^ of an inch in twenty-four 
hours in points one inch apart. Between 6 and 6 it is only 
of an inch for tbe same time and space. 

The displacements of the stakes intermediate between 0 and I , 
and 5 and G, were iiho determined. Each intermediate stake 
was found to sliare ni the diijeieiitial motion. 

Tbe measurements were confined to a breaddi of 60 yards in 
a part of tbe glacier where tbe distance from side to centre was 
not less than 800 yards^ and consequently only eihibit tbe de- 
DOrtment of the side ice. It was important to supplement them 
by examining a glacier in the central porhon of the stream; and, I 

PhU. Mag. S. 4w Vol. 42. No. 282. Dec. 1871. 2 £1 
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N umber 
of stake, 

0. 

1. . . 

2. . • 
8. • » 

4. . . 

5. • , 

6. • . 
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being obliged to rLturu home, Mr. Reilly devoted three weeks 
to this purpose^ and has geueroiuily placed hia notes at my 
disposal. 

The spot aeleeted for his fint opentioiia was t part of the 
Glacier of Bionaaiaj^ where the atream ia very dightly tndiiiecl^ 
and the central portbn nearly level ftom aide to aide and free 
from crevasses. The width of die ghider at this nart was 320 
yards, for 200 yarda of which, measuring from tho left bank, the 
surface was eompoaed of ** avalanche-lee without veined atnifl> 
ture/' the remaining 120 yards being ordinary irlarier-ice. 

Mr. Rcilly bored the first hole about 70 yards from the right 
bank of the glacier, and ranged, with a theodolite, a line 170 
yardii lu length, tormiiiatinp^ about 80 yards from the left bank. 
This line was divided mto jjcvontern equal spaces by holes bored 
10 yardn apart; the line was ranged and staked ou the 7th of 
September. The holes were deepened from time to time as 
the glader-aorlhoe melted, and the final metamemeiita madia on 
the 27th, after an interval of twenty days. 

The resulta are exfaihitedia the ndlowing Tahle — the motkm 
on each side of No. 10, where the veloeity waa greatest, being 
exhibited in parallel columns, the negative signs indicating 
relative regreaaiona of the ice at the pointa to which they refer 



Bight OMietf. 




Statioiis. 


Absolute 


Relative 


StatioM. 


Absolute 


ReUtiye 


motion. 


motioo. 


motion. 


rnotiim. 




ft. in. 


in. 




'ft. in. 


ia. 


0. 


11 6 50 










1. 


10 11-60 


-0 90 








2 


11 4 25 


4-63 








.1. 


1 1 .?0() 




17. 


11 0-50 




4. 


n i 'ii 


4^ 


16. 


11 




5. 


11 675 


-050 


15. 


11 7*00 


4-00 


6. 


11 5-25 


-1 50 


14. 


11 6-50 


-050 




11 6-50 


12& 


13. 


11 8-50 


2HI0 


8. 


11 «H»0 


-0-50 


It. 


II 7-50 


-1-00 


9. 


11 900 


3^ 


11. 


11 7-00 


-0-50 


10. 


11 lOOO 


lOO 


10. 


11 10-00 


3-00 



Here we have a anperficial ana of ice 170 yarda in width 
moving through a apace of nearly 12 feet in twenty days, with 
an advance of the centre during that interval only 10 lodhea ia 
exceaa of the iideS| the differential motion at the aide being 7 
inches, and at the centre 1 inch in a width of 860 indiea; ao 
that two points an inch apart would in twenty-four hours move 
]>n««t ruch other to the extent of a little less than the ^ 
inch at the sides, and the of an inch at the centre of the 
area under consideration. 
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Mr. Reiliy has not supplied me with any noto of the motion 
of th« edge of Uie glacier during the interval ; but as the edge 
of the Great Aletsch was foand to move at the rate of only an 
inch and a quarter in twenty-four bonrs^ it probably did not ex- 
ceed H feet. We shall therefore be jastified in saying that while, 
in the rigbt-hand moiety of the ghbcter, a differential motion of 
10 iiiohes is distributed over a width of 100 yards from the line 
of maximum velocity, a differential motion of at least 100 inches 
must be distributed over the remaining 70 yards up to the edge 
of the glacier. 

Two of the30-fect spaces were staked out into subdivisions of 
2 feet each. Each of the intermediate stakes ( xlnbiteda differen- 
tial motion, with occasional negative si*^us — the greatest relative 
displacement obser^'cd being 2 25 iiiches in the twenty days, equi- 
valent to the oi an inch in twenty-four hours for points 1 inch 
apart 

Dunng the intervds of his labonis on the Glacier of Bionamy 
Mr. Beilly ranged a line aerosa the Mer de Olace^ on the Cha* 
moniz side of the Montanvert. His measurements on this 

line during a period of nineteen days indicate a motion very 
similar in its character to that of the Glacier of Bionassay. 
The length of this line from the lefUhand edge of the glacier 
to the point of maximum velocity was about 1000 feet. The 
central 500 feet had an absolute motion of I B feet 7*75 inches 
at its left-hand extremity, and of 21 feet 2 inches at its rip-ht, 
equivalent to a mean daily motion ut about 12 inclu s. Um 
total differential motion was 2825 inches, equivalent to a 
mean dailv differential motion of about 1*5 inch, or -— L-r of an 

, ' 40 0 0 

inch lor points 1 inch a])art. The nearest station to the edge of 
the glacier was about 105 feet distant from it; and at this sta- 
tion the absolute motion in nineteen days was fouud to be 10 feet 
11*25 inches. This would indicate a marginal motion of about 
4 feet^ and would leave us 14 feet 6 inches of differential motion 
to distribute over the lateral 600 feet of the line^ or six times as 
much as that of the central moiety. 

The law of variation of tlic differential motion indicated by 
the observations above described is not new. It appears clearly 
from the measurements made by Professor Tyndall on the Mer 
de Glaee, described in a communication to the Hoyal Society, 
read May 20, 1858, and published in vol. cxlix. of the Thiloso- 
phical Transactions. But nowhere is it brought out with more 
striking prominence than in the observations made by Agassis 
upon the Unter-Aar Glacier, from 1842 to 1815, as described in 
Chapter XII. of the Nmivelics Etudes, and m ])late 4 of the 
accompanying atlas, where curves showiug the motion, for three 
consecutive ycars^ of a series of points originally in a straight 

fii2 
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lino, lire plotted to scale. The diagram exhibits the very small 
motiou of points close to the side, whence the curves extend 
with their concanlij downwards as far as the point of maximmn 
differential velocity^ where th^ beeome ossanXg and gndiiallj 
inemie in cnrvitiiie up to aboat one fourth of the width of the 
glaoieri whence they sweep aeron to the ooneeponding point on 
Sie opponte aide in a curve so flattened as to be scarcely distin« 
gnishaole from a straight line. 

The above considerations lead to the following condouons 
npon the five fundamental propositions of Canon Moseley. 

1. It is probable that every molecule of a glacier moves with 
a very slow differential motion^ which, whenever the ice is con* 
tinno!i9, ia coutmuous from molecule to molecule, and from 
moment to Tiionicnt of time. 

The liypothesis that the differentinl motion is uniform 
from centre to side is wholly contrary to lact. The semi- 
surface of every glacier may be roughly divided iuto two equal 
longitudinal strips, through the kteral of which from 80 to 90 per 
cent, of the differential motion is distributed, while the central 
atrip moves downwards almost Uke a rigid body, with a large 
reserve of gravitating force capable of affecting the sides. 

Canon Moseley is of opinion that this divergence between 
theory and fact greatly strengthens his position; but he haa not 
made good this part of his case. 

3, 1. The Canon has failed, n^? it seems to me, to establish any 
analogy between the disruption of adjacent surfarrs of a ?n1iti 
body in a shearing-marbiiic and the slow relative displiicements 
of the molecules of a glacier. He has yet to prove that, because 
he was obliged to employ a force of 75 lbs. per square inch to 
shear asunder adjacent surfaces ol u solid cylinder of ice through 
a space of 1 inch in half an hour, it would require as great a 
force to produce the relative displacements which occur in an 
actual glacier,^the latter having been diown, from the observa- 
tions above described, to range for molecules the tenth of an 
inch apart, and an interval of twenty*four hours, from the 

6. On the other baud, the slow continuous displacements of 
the molecules of a glacier are undistinguishahle in kind from the 
displacements of the molecules of an ice-plank, supported at its 

cxtremitiea and nllowed to subside under the iunueucc of its 
weight, displacements which require for their production, as I 
have shown in the I'hilosopbical Magazine for November 1871, 
a force considerably less than ly lb. per stpiare inch — less, there- 
fore, than the j'^rv force which the Canon considers suthcient to 
shear the Mi J^,. .^ i.ice if it descends by its own gravitation. 

♦ This objection lia» been forcibly urged by Mr. ISall itt the PhiloiO- 
phieal Blagasine for Jnly 1870. 
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LIV. On a Class of w/e Inie^rals.'-Vavt IT. % J. W. 
L. GlaibiieB) £,A,f ]FJLA,S., FeUaw of Trinity College^ 
Cambridjf^m 

BEFORE noticing the applieitions and Tables of tlie Bnor- 
function referred to in my previous communication on 
the subject^ it seems desirable to supplement the integrals already 
obtained by seYeral additional formulia. 

The integral J* e'''**du is so frequently used that it is convenient 

to have a seoaiate notation for it apart from its valnc J V tt— Erf 
Denoting tais integral^ therefore, by Erfc w (t. the Error* 
fimiHkn^tomplmmU of jr)t9 we have 

J^~»*<ftisErf«, J|V»'ift*aErfcap, 

and 

Erfar+Erfc^rs-^, (26) 

X being supposed positive. If ;p be negative, since 

Erf (-0?) = - Erf a;, 

the relation is 

Erfaf+Erfc4P=-™. (27) 

This enables us to express in a simple manner ?omt of the inte- 
grals previously obtained ; for instance^ (12) may be written 

J V-^sin 2rx^ = i/tt Erfc ^^). 

In his KxtTckeB de Matkimaiiques, 1827j Cauchy has given 

the theorem 

»— |g+e 5>cos— +e •»cos— H-.-.J-j (28) 
(rom which, by writing 2a for a, and subtracting the original 

• Communicated by tl^.e Author. 

t This Dotation ia iu liaimcnv Hiih ihat adopted in the case of the sine 
and Mtine; tbe coaioe of ir it the nne of the complemeiit of • (not tbe 

complement of tmx), while Krfcx (in tvbich the letter stonding for con:* 

?)Vment ii at the end of the word) denotes the coTf pIt metit of l.vf x. Simi- 
uxlv in the caae of the sane^integral, it would le convenient to write bic 9 



foriir- 



8i». 
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tenet from tb« double of the series so formed^ we obtain* 

^-^<e SScoi He <3^co8 — : — • 

Integmting these series between the limita s and 0« ire find 

Erfc4;+ Erfc (x — a) + Erfc {x-ta) -\- ... 

^~'^ViV ^""T^^i' a^sm— + ...J-, (30) 
Erfcar-Erfc (^-fl)-Erfc + 



• ■ • 



These formula;, however, involve au ambiguity ; for on the 
left-band side the terms at a great distance from the com- 

men^ement of the series take the form -g- (1—1+1— 

and if we substitute -^x^Erf « for £rfc« ke,, we still intro- 
duce the same indetermiiiata series. The diffienlty would not 
be avoided bv integrating between the limite oo and x instesd 
of « and 0; for then^ on the right-band side, we should intro- 
duce sin CO into both fonnnl»| and in addition an infinite tenn 
in (30). 

We shouldj however, from the results of similar inquiries, be 
inclined to suspect that in point of fact we nmst, with the ex- 
ception of the first term, take the terms in pairs, so as not to 
end with a term Erfc (,<■ + no) without including also Krfr(x^ «a) 
{fi infinite); and the following independent investigation will 
tshow that this is the case. 

From the integral (21) of the previous paper we find that 



CO „ nUi 



whence 

r{Erf«+Brf(x-fl)-FErf ... } sin^^^^fe 

* The series (29) is given by SirW. Thomson (Quarterly Journal of 
Mathcnmtics^ Tol. i* p. 316) ; and (31) is dedocfd bj intsgistum ; the am- 
biguitjr, however, is not noticed* 
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and therefore^ by Fourier't theorem, between tbe limits 0 and 0 

Efffl?+Erf(4f— a) + Erf(«+a)+... - 

1 r . Zirx . 1 . A^x . -il . 27TX 

=s— 7-<8in l-ftSAn 1-...— e «='8in 

VflT \ a a « a 



_|e ^am— «n— + (32) 



B± VV*- 

2 a 

tm veplacisg tho former trigoiiometrical series by its sum 
1/ 27r«\ ^ 

—} 

We can cithei deduce from this equation or prove indepen* 
dentlytbat ^ r r 

Erf a: - f - - Erf (.r 4- a) 4. , . . 

■'S^^ VttV ^""-5-+g* -^am— +...J^. (33) 

If ar be negative in (82) or (88), the aign of tbe constant 
must, of oonrse, be changed. 
Fatting x=|<i in (33), we find 

Brf Erf 8a+ Erf 6a- « . . 

writing a for | a. 

This formula, (34), I have vtii iiied iiumcrically to seven decimal 
places when as(. 

In (29) put «sO, and we have 

Integrate this between the limits x and 0, and we obtain an in- 
teresting formula connecting the error«Ainction and the expo- 
nential-integral, viz. 

Erfc «— i Eife 2ar + ^Erfe « . • 



anee 

Sl3 
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Putting xsO in (28)^ wc lind 

1 ^/tt ri n 

j+c-*"+«-*-*+... = — + (37) 

wbieh on integntMm between limits gives' 

^ + (ErfA-Erf a) h - (Erf 2ft-Brf 2a)+ . . • « 

+ T" 

and many similar formuls could^ no doubt^ be obtained. 

It it • matter of aome hnportanee in regard to tbe use of the 
fnnetion to be enabled to lenlaoe it, wben the argument is ima- 
ginary, by a real integral ; this may, of eoorse, be done in many 
ways^ but probably tbe most convenient forms will be found to 
be those deduced from the integral 



{Ei(-$)-El(-J).K,(-J^)-E,(-->...}, 



1 h 



\^ a a 



Writing;: in this integral a{co% a + ? sin a) and A(co8^+ 1 sin^S) 
for a and b itbpcctively^ there results 



J.' 



OM tteces^ J ^jQg gin at -f 2b X sin yS) 



+ i sin 1^ sin (2^-«) - 1- «}] E. f ijj/ cos I.) 



+ t 8in^^-|ii)|. ^) 

Numerous special forms arc detiuciblc for Eif(A4-Bt] by 
giving particular or scro values to a, b, a, and ^8 ; a cos how* 
ever, must not be made negative. 

Two of the most simple forms arc given at the end of the 
previous paper ; from them we see that, to form a T^ble of tbe 
error^f unction for aiguments of the form a+£tj it would be ne- 
eessary to tabulate 

e-^-'J e*'8in24MP<^a?and«-"'J e^co&Zaxtk, 

or 

e * I sin 2ba dx and c*' j cus ^bx dx^ 
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The Table would be of double entry, niul its calculation wonld 
entail more labour than the importance oi tlie function at present 
merits. 15y the conipansoti ot the two forma for 

£r£(a+6s)t £rf (a-^) 

jnrt referred to^ we hive ineidentally* (putting c=l] the two 
theorems 

c*'ri-''8m2Aj:£fo=«— *f V'coe^arifc, • . (89) 

<»»Je-'»coi2te4fo+e-*JV*«ii2<i»<&=Erf«. . (40) 

1 *! b 

Denoting for brevity "^^^^^^^jf^ V *® ^^"^ (^^) 

— -^j u=l^j tfy which on taking2 '/aastt^ and replacing 
a by a, assumes the form 

or, as we may write it after an obviona tranaformatiottj 

(;^)V**Erf<f5==~(2fl8~y<ie^Brffl5, • . (41) 

a good instance of a result obtained at once from a definite inte- 
gral, but which it would not be easy to prove otherwise. 
Among misodlaneoua formula may be noticed 

(| >'d&t («t) J . - :^Ei (-2«c) = ("-'""Erfg) J (4«) 

deduced by integration from t)-c formula intermediate to (19) 
and {20), from (11), and from a formnla intermediate to (4) and 

(5) respectively. 

From No. 17, Table 267, and No. 1, Tnhlc 2(16 ofDe Haau's 
NouveUcs I'ahles d' Intigrales d^inie$f we deduce by dividing; by^ 
( having been jireviously written for p in the latter integral), 
and integrating with respect to p between the limits 00 and q, 

* On page dOl, bottom line but one, t^u^t tbould he e^"^* 
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i 



and 

1^ 1— 2ra>8«+r« 



the latter series extending to infinity. 
A method Minilu: to one Hreqnentljr given for the evelofttioii 



jof J e-^^dx eiiabieft us to express the product of two error-iunc' 
tiont at a single integral for 

Srfc « £rfe J'J]**^"** ^ ^» 
whieh on transforming to polar coordinatea beeonei 

after a conple of obvious transformationa» 
Taking a:s6, we find 

whence 

" r^^^J^=«"{v'^i;rfB-2(Erf<i)«}. . . (48) 

The rf|nation (48) is not new, being only a siuiplc trnnsformtp 
tion ol one given liaabe in 1847 i^bc shows that 

* " T\'1)cT Productf untl Potonzcn liostiiniiitcr clnfnclicr IntegTuT- 
Ausilriicke, durch uiehrfache tlargei^tt^Ut," Crelk'H Joumaly vol. xTviii. 
p. 137._Sce abo Dc Hwm s NouvtUe* Tables, No. 2. T. 29, and No. 5. T. 80. 
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Comparing tlpi result with [:>), we find 

Erfca:=e-i'Vy(^) (49) 

Hie forms assumed by (5) and (44) when m is taken s tan ^ are 
worthy of attention from their simplicity ; we have * 

<i^=\/ire« Erf . . . (50) 

and 

**Erf(a8ec^)5^=-iJ:Ei(-a«). (61) 

Writing for z in (18)^ we find the area of the curve y=£rf aa^ 
▼is. 

Erf (flx) (£r= ^. (52) 



a 2a 

For the numerical caleuktion of the values of the error-ldno* 
tion, there are three series^ vis. 

V, (2*')' (2^')» , \ .... 

Brfc*=«--(l+ ^+^-^^+ j-^gL-y+ ...j. (54) 

«-'V. 1 1-3 1.3.5. \ 
2FV^'2i»+(2^«~-pi^+-> • ^"^^ 

and the continued fraction 

f _ e-'' J 1 2 8 4 

The formnia (84) might also be of use in the calculation of 
the integral. 

The discontinuity in the values of the constants and other 
points connected with the series (55)^ when is of the form 
a + bif are fully discussed by Professor Stokes in a memoir " On 
the Discontinuity of Arbitrary Constants which appear in Diver- 
gent Developments/' Camb. Phil, Trans, vol. 

Applications of the Error -fmciion to Physics ^fc. 

The Nvork whicli first gave the error-function an importance 
of the first rank in physics was Kramp's Analyse des Refractions 
Afttrommiques et Terrestres, Strasbourg^ 1798. Kramp shows 
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(page 36) that "all tlic great problems of astronomical nncl ter- 
restrial rcfiactiua depend on the integration of the diU'erential 
equation'' 

cV(I-v«-j^4-2(»Y)' • ' • ^^^^ 

in wliicb denotes an element of the conratore of the path of 

the 1 ay (viz. —f ill the usual Dotation^ p being the radius of cur- 

vature}^ t; = (a being the earth's ndioiy A the angle of 

metdenee of the ray at the aarface of the earthy and y the ndina 
vector from the centre of the earth to a point of the ra/s path)^ 

Y the density of the air « , while c and to (which are very 
small) are independent of Y, and also therefore of r. 

The limits of integration are a and oo for and thodbie 

sin A and 0 for 

To effect the inteijration, Kramp expands the right-hand side 
of (57) in a series procecdmg according to ascending powers of 

Wf VIZ. 

^K- yYtkfo ^•Y(l-Y)p<fo 3 9^YiX^Y)H dv 

and treats each term separately. 
To integrate jy^^y^* P^t 1 — 1», and wc obtain 



K. being written for 1 — sin A (Kramp, p. 118). 

In the pH>blem of refraction wc may neglect powers of c and 
retain only the first term of the integral^ so that we arc only con- 
cerned with the integral 



i 



that is^ with 

(58) 



J* 
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ao diat Ibr the ealenhtbn of refraetioa a Table of the values of 
Brf # was neoenaiy* 

la 18(^ the foarth Tolume of Lapkee'e Micamque CHeUe 
waa pnbliihed. Chapters I. and II. of Livre X. are devoted 
to Astronomica] sod Terrestrial Refraetion ; aod the crror-fun&» 
tion necessarily ooeupies a couspicnoas place in the investi- 
gation. On page 285 1 Laplace investigates the eontiaaed 
fraction {^(y). 

To give in a short space any account of the applications of the 
function to the Theory of Probabilitic3 would be impossible; 
but the results are so well known that a detailed description of 
tbcm would be superfluous. Iii the Theory oi Errors of Obser- 
vations the function is of paramount importance ; and this fact 
is the jostifieation of the name and symbol by which it has been 
here denoted. Laplace's great work on the snbject^ the Tkhrie 
mialytiquB dee Probabiliih, was published in 1812 ; but most of 
the results had previously appeared in various memoirs. The 
law of facility to which Ijaplacc's, Poisson's, Gauss's, in fact all 
investigations lead, is represented by e"^, so that the probability 
of a single error of observation lying between 9 and j?+(£r is 



e-'^dx, and the chanoe of an error lying between p and q is 



errors and the method of least squares are discussed. De Mor- 
gan's treatise in the Encyclopadin Mctropolitana contains an 
analysis of Laj)lacL's work ; and ToUhunter's ' History of Proba- 
bilities ' supplies a commentary to it. llefercnccs will be fomul 
in a memou* by £Uis^ Camb. Phd. Trans, vol. viii. p. 




M being written for /y/ y — J . By integration by parts^ 

it is easily bIiowii that (58) is reduced to dependence on the 
error-functiou according to the formula 





♦ Kramp, p. 133. 

t Tbe reference is to the National Bdition, 
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Todhunter remarks (p. 486 of litt ' History that in a memoir 
of 1783 Ltplaoe pointed oat the tt«e of tetnUating the integral 
^B-^dt for diOerent limits. 

In the Tbeor)[ of the Conduction of Heat the Ainction ooeapice 
a place of great importance* Thns Fourier proves* that if one 
extremity oif a bar be kept at a constant temperature equal tq 
unity, the initial temperatnie at all points in the rest of the bar 
being zero^ then the temperature v at time t will be given by 
the formula 

(^«- 27S)+ v. ( 

e being written for '^/j* 

On page 514 of the memoir of Fourier's just referred to u 
given the proposition from which Sir W. Thomson has deduced 
his results with regard to the secular cooling of the earth f. 
Fourier's problem is, that if in a solid extendmg to infinity in 
all directions the temperature has initially two different constant 
values, viz. unity ana 7oro on tlir two -ides of a certain infinite 
pls^nc, then at time / the temperature v will be given by the 
equation 

v=4-Erf-^- 

ProMems dependent for their soiution on tlie c rror-lunction 
arc also Jis^cussed by Fourier, l'>c. cit. p. et sctjq., and by 
Riemann, pp. 124, 161, &c. ot Ins Pariiellfi Diffennltnlqleick- 
imgen, &;c. (Braunschweig, 18G9). Ou page 169 lliemanu proves} 
that 

j^e-*"- lkix=ie'^^Er( ^-Erf(*+ f )^ 

+ ic-«'-|^Erf(a-^^-Erf(A-^)j». . , (59) 

A particular case of this elegant theorem was dtseoveicd by 
Boole § in 1849; his result may be written 

♦ MSmwres de I'lnstiM, t. iv. (181 «^ antl 1820), p. 608. 
t Thomson and Tait's ' Natural Philosophy/ vol. i. p. 717> where other 
references are f^iren. 

\ RicTiuiim tins left out the fiu-tur ' on the right-hand aide. 
§ Cambridge and iiubUn Mathematical Journal* vol, if. p, 18. 
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j: 



agreemg with (59). 
. It need scarcely be remarked that tl&e Ibaictiofli owes its im- 

portance in the Theory of Heat to the fact of m= Ed 
bong an mkegttl of ' ' 



From its uses in physics^ it will be erident tbat tbe error* 
fanctbn may fairly claim at present to rank in importance next 
to the trigonometrical and logarithmie functions* 

TsUm ofih$ Mrror-fimeHon, 

For large values of x the formula (55) converges rapidly for 
some distance, and affords a means of calrnlatin": VaLv and 

Erf^' With case ; aiul for small values the foiuiula (."^3) ^^ivcs 
Erfc.r conveniently. For intermediate values the three formulas 
(53), (54)^ and f55) are all inappropriate. It wastbis difficulty 
of calcalatiQn wbi^i induced Kramp to compute bis Tables. 
Speaking of tbe series (68) and (55), be remarks : — " Les dent 
series laissent done entr'elles un vuide pour IMvsluation exacte 
de l'int^;rale| qoi pent aller depuis «s| jusqu'^ .r=4, et que 
nous ne poufons remplir par aucune des methodes connues. 
Comme la connoissance de cette intcgrale est absolunient esscn- 
tielle pour Ic calcul des r^fmctioTi^ qui npfjiorbent de I'horizon ; 
comnic pIIp est egalemcnt indispensable dans I'arialyse de hazards ; 
comme de plus la solution d'une mhnite d'equations diffcrentielles 
revient k cette mSme integrale, j'ai cru qu'il valoit la peine d'en 
calculer la table depnis ^=0*01 jusqu'k a?= 3 00" {Traife des 
Refractions i p. 13 i). The Tables which Kranip calculated are 
three in number. Table I. gives £rf« from arsO to x=sl*24k 
to eigbt decimal places^ from «ss 1*24 to a? a 1*50 to nine places, 
from x&l-60todrss2*00 to ten places, from jr= 2*00 to 3*00 
to deven plaees, the intervals tbrougbout being *01. Differ- 
ences as far aa are added from .r=0 to ^=1*61^ and as far 
as A* from a:=l-61 to ar=3-00. Table IL contains log,o(Erfa:) 
from «bO to a:s3*00 at intervals of '01 to seven figures. First 
and second diflferences are added. Table III. gives log,o(c^ Erf x) 
from j: = 0 to jr=3'00 at intervals of '01 to seven figures. First 
and second differences are added. Table 1. was calculated bjr 



43d Mr. J. W. L. GkMher m a Cku ^DefiniU iHisgrmU. 



means of the furuiuia 

JSrf (*+ A) -Erf *= -he-^h -th + A'- ^^^^^tf" 

obuined at onrc bv Taylor^a theorem; A was = 01^ and the 
term in (i. e, the last written above) was small enough to 
neglected, Kramp does not state what value he started \vom iii 
applying the diUViences, or what means ot verifi(»tion In- adopted. 
In all cases where a Table is cuuistructed by means ol chiTerences, 
the last value should be calculated independently, snd then the ^ 
agreement tii the two yaluea would mify all the preceding por- ' 
tton of the Table. This, however, Kramp does not appear to 
have done, though it would not, as Kramp intimates, hare been 
impossible. To ealenlate Erfc 3 from (68) woald have been a 
heavy, but by no moans exeeptionally heavy piece of work. The 
remark that the " void cannot be filled up by any known me- 
thod is not now true. Laplace's continued fraction gives with 
very little trouble Erf3=r(X)0 019577 193 . . . This value of 
Erf 3 differs in the tenth and eleventh hi^ u c s from Kramp's 
result obtained by difft'iences ; so that it is j)robable that a por- 
tion of his Table isiiicui tcct in the last two iitrurcs. I have not 
yet examined the cause of the error so as to be able to state 
whether it is due to an inaccuracy in the calculation of a differ- 
ence, or to an aeeamoktion of small errors in the difi^srenees; 
hat I hope shortly to be able to make a complete examination of 
Kramp's Table. 

The next Tables of the fnnctions wliich were published are 
due to Bessel ; they occupy psges 86, 87 of the Fundamenta 
Astronomim, Regtomonti, IBIS, Bessel remarks that Kramp's 
Table does not go beyond and that in a few cases the 

function m5p:ht bo wanted for larger arguments; he therefore 
tabulates e'''iiri\z for the argument log,o^ from 0 to 1 (so that 
the limits of a:* are 1 and 10). Iksscl gives two Tables. Table I. 
contains log,Q (e**Erf a:) from a:=0 to a'=:l, at intervals of '01, 
to seven figures, with first and second differences, and is the same 
as Kramp's*. Table II. ^I'lcs lug,g (t''* Ktf a}, cuncHpoiidaig to 
the argument Io^iqo;, the arguments increasing from 0 to 1 at 
intervals of '01. First and second differences are added. It is 
not stated how this Table was calculated ; the values correspond* 

* Bcssd probably recomputed the Table* ss seveisl of hit valuei diftr 
hook Kramp's in the last figure. 
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ing to arguments bctweea 0 and 3 were probably interpolated 
ftom Kramp's Table^ and the rest calculated front (55). 

A portkm* of Legendre't TMU du FMcHtm EUiptiques (Pari^, 
1826) is devoted to the diacossion of indefioite integrals of the 

form ^(^^^ ^« Legendre writes 

rK*)=J^'(losiy"'ii:r; .... (61) 



10 that 

and tlicrciore 



(62) 



Two Tables arc given (pp. 520and 521). Tabic I. contains 2Erf^ 
from .r = 0 to :c = -50 at intcrvala of '01, to ten decimal places. The 
re^iults iu this Table should be doubleofthose in the corresponding 
Table of Kramp's. 1 have not yet examined if this is the case 
throughout. This Table was calculated irom (53). Tabic II. gives 

J^'d^^log ^ J ' from «ss-80 to «=:0*00 at intervals of -01 ; that 

is, it gives 2 Erf (log iVum jr = 0 to x='80. This Table 

begins about wliere Table I. ends ; 80 that togetber they extend 
from £rfO to about Erf (2 14). It was calculated by quadra- 
tures, with the exception of the last five or six valnes, which were 

obtained from the continued fraction. 

At the end of the Berliner Asironbmisches Jahrhvch ior 1834 

is a paper by Encke, on the method of least s^uaresj to which 

2 

are appended two Tables. 'Mie I. gives —7- Erfcd? from sfssO 

to 47=2 00 at intervals of '01^ to seven places, with first and 

2 

seeond differences. Table II. gives -7- Erfc (px) from sp«0 (0 

af=3'40 at intervals of 01, and from j:=3-40 to ar=5'00at 
intervals of '1, to five decimal places^ with first difference, p 

o 

being determined by the equation - 7 ^'^^^ P = ^ 



V TT 



^m*476 9360. The use of this Table is explained by Be Morgan 

• Chapter xvii. vol. ii. 
Fh%l. Mag. S. 4 Vol. 42. No. 282. Dec. 1871. 2 F 
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{E9^. M^tmoL ''Theory of ProbabiUtMt,'' p. 461). Do 
Momn remaru that he doet not. know whether this Table woo 
calcuated independently or depende on Kramp's Table ; but on 
p. 269 of the Jahrbueh Encke laya that Tkble 1. was dedooed 
fiom Beaad'a T^ble otje'^dg in the FkmdmmUan Beaael, aa 
we have Been, tabokted log,o(e^ Erf«); and if Endce'a Table 
was derived from Beaael's, it most have been by interpolation 
from his Table II. It is more probable, however, that it was 
derived from "Kramp's Table L, from which it can be deduced 
at onoe* Table II., Encke states, was formed by interpolation, 
and is probably founded on Table T. Both these Tables, as well 
as Kramp's Tables I. and II., are reprinted at the end of De 
Morgan's nrticle, previously referred to, in the Enqf^opttdia 
Alelrfqiolilana. 

Thu Table accompanying the present paper gives T'rf t from 
^ = 3 00 to j?=3'50 to eleven places, from a;=3"50 to u, = 4 00 
to thirteen places, from ^7=4 00 to «s4'50 to fourteen places, 
anbjeet to certain qoalifications with regard to the aeeoracr 
the last figure, which will he stated farther on. The valnes 
were calculated by means of the same differenoe-fomiala» via. 
(60), that Kramn used. Separate Tablea of k^ig r^(^ '^^(h 
Ik being the moaulus) and of 

were formed. The second of these Tables was JiiFerenced 
throughout, and the firadtial ehange of the differences from 
'0000 A30 to 0000427 ail'ordcd a very good test oi' its accuracy. 
A TaWe of Erf (a? + A)— Erfx was then deduced from the two 
aabeidiary Tables^ and was differenced throughoat as far aa A*; 
and the regularity of these last differences proved the eorreetness 
of the Table. Erf 3 was calculated, as previously mentioned, 
from the continned fraction and the differences subtracted fram 
it,till£rf6'5 was obtained s -000 000 658 5487... The comet 
value obtained from the oontmned fraction was 

Erfa'5s*00000065865376.. 

so that eleven figures are the same in both ; it is probable, there* 
fore, that the last lignre in the vnltu s from x = 3-00 to .rrrS-nO 
is nowhere in error by so jiiin li as a unit. As an additional 
veritication. Erf 3 2 was calculated from the continued fraction 
and found =-000005 340 191 ... , which rgrecs w ith the num- 
ber given in the Table. Erf 4 was calculated from the cuntinucd 
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fraction and found = 000 000 013 GG3 189 . . . j the differences 
corresponding to argument between 4 0 and 3*5 were then added^ 
and Erf 8*6 waa obtained as*00000086856874.. agreeing 
with the Talne fonnd by direct calcnlattoii for Erf 8*6 at far as the 
thirteeDth figure. The values from «s8*6 to «at4*0 were thero" 
fore entered in the Table to thirteen decimal places ; and it is not 
ptobable that any is in error by more than a unit in the last place 
m any of the valaes. Starting again from 4 0^ the di£ferences cor- 
responding to arguments between 4 0 and 1-5 were subtracted, 
and Krf 1.-5 was thus obtained =-000 OUO 0( to 1 71 250 ... % 
direct calculation from the continurd fraction Erf 4*5 was found 
= ;000 000 000 174 237 6. . . As these values only differ by 
unity in the fourteenth place, the portion of the Table from 
x — 'iO to j:=4"5 was given to iuurteen places, it being un- 
derstood that the last figure may be in error to the extent of one 
or even two nnits. 

From the above dcicnptton it will be seen that the mode of 
verification adopted formed a very perfect test of the aocnracy of 
the Table* I nther regret now that I did not tabulate ^ "Exff 
in preference to Erf x» When a function whose value is numeri* 
eally small enters into analysis, the term involving it can usually 
be neglected^ unless it contains also a very large factor, which is 
usually an exponential. It is also a matter of obscrvatioii that 
when a fui^.ction in expansible in a descending: series multiplied 
by an exponential, this factdi- ]> )ints out the factor which it will 
be convenient to multiply the function by previously to tabulation; 
thus Irom (5^) we sec tliut t''^Erfa? is a function which only 
becomes infinitely small for very large valuer oi x. Similarly 
when X is large^ it is preferable to tabulate e~* Ei x and Bi(— a:) 
In place of Ei s and £i ( — ;i ) . This deficiency in the case of the 
error-fimction I hope to supply by ibnoing a Table of ^ Erf dv 
for argaments above 8. 

Since Erfc a:=i V^r— Erf^r, the value of to fourteen 
places of decimals is printed on the same page as the Tabld^ to 
ndJiitate the deduction of Erfc# from Erf ^, 
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LV. Note on some Definite Integrals, 
By B. Pendlbbvry, St J0W9 College, Oahbridge*, 

IN a recent cominimication to the Philosophical Magaziaef^ 
Mr. Glaisher pressed the claims of the integrfd 

(1) 



for admission into the rather too scanty family of known func- 
tions, and gave a tolerably long list of integrals expressible 
linearly by this function. The object of this note is to point 
out that a freak set of integrals tan be found expressible by the 
sooares, cobes, and higher powers of the integral (1). With 



I write aUo 



ao that 



j: 
i 



d^s erf {x) I 



Now 



Brf(a:) + crf (jr)= J^. (2) 

erf (a) erf (/9) = dx dy 



the integral being transformed by the equations x = pcos0, 
y=p Bin 0, The oew double integral divides into two^ with 
diffennt limit! ; vis. 




«sec^ 

<>=o 



dcosec^ 



• Coinmnntonted hy tVi(» Author. 

t Philosophical MBga2in«« October 1871* 
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We get then readily, iategratiag by parts, 

erf (.) erf 08) « J - g l^l^f''^' 

Pnttiiig in the firrt integrd on the rig^t hand tan^asx^ and 
in the aeoond cot 

and, m particular, wheu 

In combination with the last equation may be used the 
equation (5) of Mr. Glaisher's paper quoted above, which givea 

Putting, in (6), erf«= ^ -Erf (a), we get 

_V^Erf («) + {15rf(«)}»— T+^f-J 
.-. {Erf(«)p=.-^J^ ij^. (7)* 

If we multiply both aidea of (7) by dm and integrate between 
the limita , we get the cnrimu leault, 

* The equatioa (7) can be obtained directly without mudi diffioil^. 



imd integiatmgi 

the eoDvtant of integration being foro. 
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It is clear now that, by the varioos transformations to which, 
the integral I i^^i <^ ^ subjected, we have a new leriee 

of definite integnls opened out, which may perhaps be worth 

the troable of arrangemeDt and tabulation. ^ 
The fourth power of the Error-function can be easily ex- 
pressed as a sina:lr integral by the method adopted to determine 

the value of the square. 
We easily get from {7), 

J. J. T+FT7+5y 

- ^ «- >^ f £flfL [arc W , . .t»a20\ dp. 

. The limits are 

(i) e=-^^^^^}p^f^}. 



W 



(lil) 



= 0} ''^^a}- 



The Ust of these three terms vaniehes* The others aie equal, 
and ijive 
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or, j)uiung fj- = Xj 

If we differentiate (9) with respcot to a, we obtaiu an expres- 
lion for (Erf «)' as n definite int<^ral, viz. ; — 

4iErfW)»=2.j;'9J9«.t«g^y£El)^. (10) 

Of tlietbreeforroiils (7), (0), (10), the first may open a leriet 
of interesting integrals; the other two are perhaps too complex 
to be anj thing bnt a matter of cariosity* 

CMBbridge, Ootober SI, 1871. 



LYL On a PrMem m the CSsZctdut ofVariaihns. 
By Isaac Todhvnteb, F.R»S^ 

To theEdiii/rs oj the Piulosophical Magasine andJintmaL 
Gentlemen, 

IN the Philosopliical AFagazine for July Professor Challis lias 
diftcussed three problems in the Calculus of Variations. 
He states, in connexion with the lir>t problem, that a certain 
eonclusion obtained by Legendre and Ste^tiiuun, and Ueitly ac- 
cepted by u-ysell, is erroneous. 

There is, however, no error* Professor ChslKs does not an* 
derstand the prohlem in the same sense as I/cgendre and Sceg- 
mann* 1 hsve enunciated the problem thua : — ^required to eon- 
neet two fixed points by a curve of given length so thst the area 
bounded by the curve, the ordinates of the fixed points, and the 
axis of abscissie shall be a maximum. It is intended that the 
carve should be confined between the indefinite straight lines which 
coincide in position with the extreme ordinate?. The ennnria- 
tion involves this condition; lor otherwise nothing would he 
gained by introducing the ordhwfes of the fixed points. And 
the investigation given would show, if there were any doubt, that 
this is the precise meaninc^ intended. 

It is in lact this eonditiou which constitutes the chief interest 
ot I he problem ; and there can be no doubt that the solution of 
Lcgenore and Stegmann is oorrcct. Stegmann's investigsUon 
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seems to Imvc been independent of Ijcgendre's; and I had my- 
self arrived at the same result before I had sctn what these 
luatheiuaticians liad written on the subject. See pages ix and 
427 of my * History of the Calculus of Variations/ 

The problem as discussed by Professor Chalhs is free from 
this couduiou ; it may be eiiuiiciatcd thus ; — required toconaecL 
the ends of a fixed straight line by a curve of given length ao 
that the area bounded by theeorve and the atraight line may be 
a mazimam. The result ia well knowUj namely that the carve 
most be ah arc of a circle. The given length muat^ of coarse, 
be greater than the length of the fixed straight line; Professor 
Challis by a misprint has less instead of greater. The problem 
as thus enunciated is one of the oldest and most familiar in the 
subject; and I believe there has never been any doubt or diffi- 
culty as to tlie result, which may be obtained by various unex- 
ceptionable methods ; I have indicated one of these methods at 
page 69 of my ' History/ 

I do not accept the results at which Professor Challis arrives 
with r^pect to the other two problems he discusses; but I have 
not leisure to enter into details. I have^ I believe^ fully solved 
these piobkma in an Essay which will be pabliahed in the coarse 
of the present month. 

I. TODBVNTER, 

St. John's College, Cambridge^ 
NoTember 6> 1871* 



LVII. Oft a Correciim sometimes required in Curves professwff to 
represent the Connexion between two Pktfsieid Magnitudes, By 
the Hon. J* W. Stbvtt, M,A. 

THE nature of the correction which is the subject of the 
present paper^ and of not infrequent application in ex- 
perimental inquiry, will be best understood from an example, aa 
it is a little difficult to state with full generalitv. Suppose that 
our object is to determine the distribution of heat in the spee- 
trum of the sun or any other source of light. A line thermo- 
pile would be placed in the path of the light, and the deflection 
of the palvanoraeter noted for a scries of positions. Rut the 
ob^ciAutiODS obtamed in thi^ way are not aharp — that is, they 
do not correspond to def rrde values of the wave-length or refrac- 
tive index. In the first place, the spectrum cannot be absolutely 
pure; at tach pointthere isacertam adniixtiiie of neiijhbouiini^ 
rays. Further, even il the spectrum were pure, it would stili be 
impossible to operate with a mathematical line of it ; so that 
the reaulty instead of belonging to a simple definite vahie <^ the 

* CoMBiuuicated by the Author* 



Digitized by Google 



442 The Hon. J. W. Stnitt on Curvm profe$nng to reprmmU 

indcjieiuit lit variable, is really a kiud of average corr^pondiog 
to valuca grouped together in a small cluster. 

For the sake of simplicity, let us suppose that tlie spectrum 
16 origiiiaUy pure, and that the true curve giving tlie relations 
between the two quantities is F Q R. Also let M N be the range 
over which the independent variable changes in each ohaervitbn 
— in oar case the width of the thermopiie. Then the obaerved 
enrve is to be found from the Ime by taking the m^dle point 
of M and erecting an ordinate p sneh that 

« 

j9m.MN»area of enrve PQNM. 

The locus «)f p u ill give the cune expressing the result of the 
observations. It remains to ihul a convenient method of j>a«fling 
iVuui the one curve to the other. 




In the figure P E Q represents the true curve, M N the ranjf 
as before ; M mssmNss^; p is the point on the observed curve 
found in the manner deseribed; Qmm^x^ Bmsyor pm^sjf. 
Now 



i 



Thus 



(A) 



which shows how to deduce y' from y. 
To pass backwards, we observe that 
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if j^*^ be neglected. Thus 

y-^-'ii^ w 

(A) and (B) give the analytical solation of the problem ; but 
for practical purposes the following interpretation is important : 

^^^^ dx\ 2 ' 
so that 

In passing from the observed to the true curve, the curvature 
is everywhere to be increased instead of diminished^ and 

It mav be remarked that while it is always possible to pass 

acearatefy from the true eurre to that derived from it with any 
prescribed range, the inverse problem ia not determinate unless 
It be understood that the range is small, so that its fourth 
power may be neglected. The practical utility of the solution 

obtained is sram-Iy affected by this consideration ; indeed it is 
only whf 11 the curvature of the curve is considerable that the 
correction itself is of much importance. 

It often happens that the connexion between the t\\r> ( urvcs 
is not so simple, at least at first siprht. Suppose, for t xample, 
that Hi ihe case taken as an iUubtiaiion the spectrum is impure 
from the sensible width (2«) of the image of the slit. The ob- 
amed enrve ia then oonneeted with trae by a doMe integration^ 



Now 

2/c J,_^ 6 6 G d^) " G da;^* 

it the term in may be neglected. Thus 

The rales remain jast as before^ except that in^t^ad of h we 
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iiuw have + Similarly, whea the want of sharpness is 

due to more tlrin two causc!?, we must replace /j by {SA*}^. 
^\ hen, often liappens, thn ]M-oduct of the quantities Hk . . . is 
to be cunsidcred us f^iven, tiie experiments are best arranged so 
as to make the independent quantities equal ; for then the agree- 
ment between the two curves is the closest. 

The practical rule to which wc are led by tlie considerations 
explained in this paper is therefore as follows 

Camiruci the curve representiiuj the immediate results of the ob* 
servaiiom in the ordkuxry way. Let Vim be any orHnaie, Dram 




paraUeU PM, QN at distances equal to h, or {Sh*}% ajul Juin 
P Q cutting R m in S. The jjoint p on the true curve ecrretpcnd' 
ing to the abscissa Ota is to be found by taUng p R equal to one 
third of^B, and so that p and S lie on opposite sides of R. 



LYIII. On a Method qf Measuring the Lateral Diffusion of a 
' Current m a Conductor by means uf Eguipotential Lines ^ being 
a Note on a Paper by Dr. Macaluao "On the Dransmission of 
Electricity in Liquids/* in the Philosophical Magazine for No^ 
vember 1871.' By J. E. H. Gobdox*. 

IN the abstraet of Dr. Macalaso'i paper given in the Phi* 
loflopbical Magazine for November 1871, p. 389, it it 
stated tbat " wben an electrie current travels tbrough a liquid 
wbose eroes section is much greater than the suifaee of die 
eleetrodei, it tends to diffuse itself laterally.'' About two yean 
ago I made some experiments in the physical laborato^ of 
King's College, on the lateral diffusion of the current in con- 
ductors. Instead of liquids, boweveri I used sheets of tinfoil of 
various shapes. 

I was not only able to experimentally detect the lateral diffusion, 
but also to arrange a method by which its dirirtion and ameunt 
niav be measured. Tlic outline of the method was suggested to 
me by a friend. I do not know whether it is new; but an 1 have 
' Coiuiuuiacatcil by the Author. 
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not seen any description of it, and as many details were arnnmed 
by me^Ithink it may be worth wliile to publish a short aceountotit. 

The law of the diffusion of the current in a solid conductor is 
of course perfectly well known. In this paper 1 merely propose 
to deicribe a method of experimentally verifying this known law, 
vod to tttggest a modiBcation of it by means m whicli the (ap- 
parently) unknown law for the diffusion of the current in a liquid 
probably be determined. 

The object of the method was, on a surface of tinfoil through 
which a current was flowing, to determine a number of groups 
of points of equal tension, and to draw equi potential lines through 
tliofn. From these lines the positions of the currents can be 
easily deduced. 

My plnn was as follows : — A sheet of tinfoil of any desired 
shape was pasted on to a hard maho^ny board. At the two 
points chosen for the electrodes holes were drilled, tluough 
which screws were passed so that their heads (about 7 iniWiiiis. 
in diameter) rested on the tmiuil ; their stems parsed through 
the hoard into binding-Eorews on the underside. A little mer- 
eniy was placed under the heads to make better contact. Wires 
from a battery passed through a contact-breaker to these screws. 
Two cells of Orove's battery were at first used ; but the power 
was afterwards reduced to one^ owing to the great heating-effect 
of two cells. 

The contact-breaker was arranged so that two circuits could be 
broken or made simnlfanrously^ namely the battery and galvano- 
meter circuits. A current is produced simply by difference of 
tension. Therefore, if t wo poles of a sufficiently sensitive galva- 
nometer were placed in such a position on the tinfoil that there 
was no deflect! 11 wlien the current passed, these two points were 
in the aamc e^uiputeutmi liuc. 

The beautiful reflecting galvanometer belonging to King's 
College was used, and was found to be so delicate that, after a 
little praetioe, a deviation of less than 1 millimetre from the right 
position on the tinfoil could be easily detected on the galva- 
nometer. 

The same plan can be used for determining the lines in 
liquid conductors by insulating the wires up to their points^ and 
having each galvanometer-terminal fixed on a little stage to slide 

on the top of t!ic trough, which must he. divided so that from the 
position of the stage the horizontal coordinates of the point of 
the wire can be determined, while the wire slides through the 
stage and is dividid to give the vertical element. 

lielow is an engraving oi' lialf one of the sheets of tinfoil with 
the lines traced on it. The sheet is divided by a line at right 
angles to, and bisecting, the line joining the battery-poles. The 
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upper half of the sheet id given ; i. e. if the whole sheet were 
given, the tecond half would lie lower down on the page. Tbe 
•light irregnlsritiet in the coma tre no doubt prodooed by vt- 
rbtions in the thiekneaa of the tinfoil. 




The method of making contact with the tinfoil and marking 
the centre of the place of contact was follows : — The w ires from 
the terminals of the galvanometer were attached to two thin brasf 
rods with blunt conical ]iointa 3 millima. in diameter, a was 
straight, and had a nccdlc-poiut projecting about 1 niillim. from 
the centre of ite blunt point. «e was held in a clip and lAac^d 

.To galTUMMMlat 









" 













verticaUy on any part of the tinfoil through which it waa dented 
to trace an equipotential line, so that the whole of the blont 
point made contact, and the needle-point made a dot in the 

centre of the contact. It is now required to move about ai 
the tinfoil till there is no deBection (t. e. till it is in the same 
equipotential line as a), and then, and not till then, to make a 
(lot in the centre of the contact. The way in which this wa<* 
nianapcd may be seen by lookinjr at the figure. ^ is bent twice 
at right angles, so that it is only about 20 millims. from the 
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blunt point to the first bend. A fine hole is drilled from the 
centre of the blunt point to the bend. In this hole a neeUlc 
Blides ; there is a button on the top to presB it down by^ and a 
spiral spring to raise it again after being pressed down. In the 
experiments 0 was moved about till there was no deflection ; the 
button was then pressed and a dot made, was then removed 
to another pointy and the process was repeated until a sufficient 
number of points for one line had been obtained; « was then 
mored, and another line traced in the same manner. 



LIX. Note on a Spiral Leyden Jar. . 
By Frederick Guthrie*. 

ASTillP of tinfoil 4 feet long and 8 inches wide is placed 
upon a strip of vulcarjizcd caoutchouc 4 feet long and 
1 foot wide, in such a way that along both sides there i« :i mar- 
gin of two inches of caoutchouc, at one end (say tlie riglit) a 
margin of four inches of caoutchouc, and at the Irft a margin of 
four inches of tinfoil. A second piece of eaouiclioue e\actly 
similar to tlie first is placed exactly over the first upon the foil. 
A second piece of tinfoil of the same width as the first, but four 
inches shOTter, is placed on the second caontchouc above the 
first foil, with its right-hand end above the right end of the first 
foil. Its left end, of course, falls four inches short. A brass 
wire carrying a knob is laid across the end of the upper foil* 
The whole is rolled up from the right end and bound. What 
was the lower of the two foils projecto between the two layers of 
caoutchouc, and may be prolonged around the circumference of 
the roll. It forms the outer coating or carth-surfacc. What 
was tlie upper coating of foil now forms what corresponds to the 
inner coating of the ordinary jar, and is entirely covered, except- 
ing where it is prolonged as the wire and knob at the centre of 
the roll. If the sheet caoutchouc be an eighth of an inch in 
thickness, a jar of very great electrical capacity is obtained in a 
very compact form, and one which is free from the risk of frac- 
ture, and less impaired than the ordinary jar by atmospheric 
moistme. 

A very servieeable modification of this form of jar has been 

constructed for me by Mr.W. Fetersf. The insulating material is 
sheet ebonite. The construction is similar to the above. The 
ends of the spiral roll are capped with dry mahogany disks* 

The eai'th-foil is connected with a brass girdle around the centre 

of the cylinder, and does not itself appear on the outside. The 
electric capacity is between four and five times as great as that 
of a glass jar of the same volume. It has been in use fur several 
months, and appears almost incapable of receiving injury. 

* Communioited by the Author. 

t W. Peters, 36 Whi^kin Street, Clerkcnwdl, E C. 
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LX. On the Equilibrium of Vapour at a Carved Surface of 
Liquid. Bij Sir William Thomson, F,R.S.* 

IN a closed vessel containini:; only a liquid and its vapour, all 
at ODe tcinperaturo, the liquid Rsts^ witJi lU free !*urface 
raised or depresi*nd in capillaty tubes and m the nei«:lib()ar- 
hood of the solid bomulary, in permanent equilibrium aecoriimg 
to the same law of rclatiun between curvature and pressure m 
in vessels open to the air. The permaaeuce of this eqaitibriiim 
iiQpUes physical eqailibriam between tbe liquid aod the vapour 
in contact with it at all parta of ita aur&ee. But the preaaure 
of tbe vapour at different levela diffeca according to bjdioatatic 
law. Hence tbe presaore of saturated vapour in contact wi(b a 
liquid differs according to the curvature of tbe bounding snrfaee, 
being less when the liquid is concave and greater when it in con- 
vex. And detached portions of the liquid in separate vessels all 
enclosed in one containing vessel cannot remain permanently 
with their free surfaces in any other relative positions than those 
they "^vould oreujiy, it" there were hydrostatic comniunicatiou of 
pressuic bttNieeii the portions of liquid in the several ves^^cls. 
Tiicrc will be evaporation from those surfaces which are too high, 
and coudcnsatiou into the liquid at those surfaces ^hich ai'c too 
I6w — a process which will go on until hydroatatic equilibrium^ 
aa if with free comniunication of presaure from vessel to vessel, 
ia attained. Thus, for example, if there are two large open 
vessels of water, one considerably above tbe otber in level, and 
if tbe temperature of the surrounding matter is kept rigorously 
constant, the liquid in tbe higher vessel will gradually evaporate 
until it is all gone and condensed into the lower vessel. Or if, 
as illustrated by the annexed diagram, a capillary tube with a 
small quantity of liquid occupying it from its bottom up to a 
certain level be })hieed in the neighbourhood of a quantity of the 
same liquid with a wide IVec surface, vapour will gradually be- 
come condensed into the liquid in the capillary tube until the 
level of the liquid la iL is the same as it would be were the lower 
end of the tube in hydrostatic communication with the large 
mass of liquid. Wbetber air be present above the free turftee 
of tbe liquid in tbe several vesseu or not, the oondition of ulti- 
mate equilibrium is tbe same; but tbe processes of evaporation 
and condensation through which equilibrium is approached will 
be very much retarded by the presence of air. The experi- 
ments of Graham and the kinetic theoiy of Ciausius and Max- 
well scarcely yet allbrd us sufBcient data for estimating the 
rapidity with which the vapour prorc^cdini]: from one of the 
liquids will diftuse itself through the air and rcacli the surface 

• From the rro Acdin^'S of the Royal Socie^ of £di&baigb, SeSMOB 
18(i!)-70. Cuiouunicatcd by the Author. 
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of another liquid at a lower level. With air at any thing ap- 
proaching to ortlinary atiiinspheric density to resist the pro- 
cess, it is probable iL would be too slow to >\h)w any results 
uuless in very long-continued experiments, lint i( the air be 
reiboved as perfectly as can be done by well-known practical 
metliods,' it w probable that the process will be veiy rapid ; it 
would indeed be instantaneonss were it not for the cold of eva* 
poration in one vessel and the beat of condensation in the other. 
Practically, then, the rapidity of the process towards hydrostatic 
cqtiilibriurn through vapour between detached liquids dependa 
on the rate of the conduction of heat between the several sur- 
faces through intervening solids and liquids* Without having 
made either the experiment or any cal- 
culations on the rate of conduction of 
heat in the circumstances, I feel con- 
vinced that in a very short time water 
would visibly rise in the capillary tube 
indicated in the diagram, and that, 
provided care is taken to maintain 
equality of temperature all over the 
surface of the hermetically sealed ves- 
sel, the liquid in the capillary tube 
would soon take very nearly the same 
level aa it would have were its lower 
end open — sinking to this level if the 
capillary tube were in the beginning 
filled too full, or rising to it if (as in- 
dicated in the diagram) there were not 
enough of liquid in it nt first to fuliil 
the condition of equilibrium. 

The following formulae show pre- 
cisely the relations betvreen earvatnres^ 
differences of levels and differences of 
pressure with whi<di we are concenied. 

Ijet p be the densit]r of the liquid and a that of the vapour, 
and let T be the cohesive tension of the free surface per unit of 
breadth, in terms of weight of unit mass as unit of force. Let 
h denote the height of any point P of the free surface above 
a certain plane of rcfcrcncPj which I shall call for brevity the 
plane level of the free surface. This will be pensibly the actual 
level of the free surface in regions (if there arc any) with no part 
of the edpre for bounding line of the free surface where liquid 
ends and .solid begins) at a less distance than several centimetres. 
Lastly, let and r be the ])rincipal radii of curvature of the sur- 
face at P. By Laplace's well-known law wc have, as the equation 

rfequaibrium, (p_„ja-t(I + J) (1) 

Phil. Mag. S. 4. Vol. 42. No. 282. Dec. 1871. 2 G 
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'Sow, in the space occupied by vapour^ tbc pre&sore is leas at the* 
higher thaH at the lown of two poiota whoae diffcvenoe of kvda 
is A, by a diffsrenco equal to oA* And there ia penaanont eqoH 
libriniD between vapour and liquid at all pointa of tiie free sar- 
free* Henee the pressnre of vapour in equilibrium ia leaa ai a. 
concave than at a plane aorface of liquid^ and leas at a plaae 
anrfiiee than aft a eonvtz aorilM^ by difoencea amoonting tw 

— per unit difference of curvature. That ia to say, if w denote 

the pressure of vapour in equilibrium at a plane surface of liquid, 
aTifl j> thp prp^snrp of vapour of the same liquid nt the sameteoi* 
peratore presenting^ a curved surface to the vapour, we have 

'="-^^6+^) 

^ and ^ being the curvatures m the prmcipal sections of the 
snrfooe bounding liquid and vapour, reckoned positive when oon* 

<»ve towards the vapour. 

In strictness, the valnr of a tn be ii^rd in these cqnations, (1) 
and (2), onjrht to be the mean density of a vcrti( :il coiumn of 
vapour extending through the height h from the ])1 ane of refer- 
ence. But in all eases to which we can practically apply the 
formulse, according to present kuowledge of the properties of 
matter, the difference of densities in this column is very small, 
and may be neglected. Hence, if H denote the height ai ai| 
imaginary homogeneous fluid above the plane of reference, which, 
if of the same density as the vaponr at that plane, wonld pro* 
dnce by ita weight theactnal pressure w, we have 



Hence, by (1) and (2), 



0-h) w 



For vapour of wntcr at ordinary atmospheric temperatures, H 
is about 1,800,000 centimetres. Hrnce, in a capillary tube 
which would keep water up to a heigiit of 13 metre;? Rbove the 
plane level, the curved surface of the water is in equiiibnum with. 
the vapour in contact with it, when the pressure of the vaf ioiir is 
less by about j^Qji of its own amount tha^i the pressure of vapour 
in equilibrium at the plane surface of water at the same tempo* 
rature. 

. For water the valne of T at ordinary temperatnrea is aboat *06 
of a gramme weight per centimetre; and p, being the mean of 
n cnbie centimetre, in grammes, is unity. The value of a for 
vaponr of water, at any atmospheric temjfieraturc, i^; so email that 
we may 'neglect it altogether in equation (1). In m.capillaiy 
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tube thoroughly wet with witer, the free lurface ia aensihly he* 
mispheriiml, and therefore r and i ace each equal to the radius 
of the inner siuiaee of the liqiiid film lining the tube above the 
free liquid auf&oej we have tnerefon 

r 

Hence, if AslSOO eentims., ras*000]2 centim.^ there can be 
no doabt that Laplace's theory is applicable without aerioos 

modification, eyen to a case in which the curvature is so great 
(or radius of curvature ao sniall) as this. But in the present 
state of our knowledge we are not entitled to push it much fur- 
ther. The molecular forces assumed in Laplace's theory to be 
"insensible at sensible distances *' arc certnliilv but little, if at 
all, sensible at distances equal to or cxctedinj^ the wave-lengths 
of ordinary liirht. This is directly proved by the most cursory 
observation of soap-bubbles. But the appearances presented 
bv the black spot which abiuj>tly ends the series of colours at 
places where the " bubble " is thinnest before it breaks make it 

Suite certain that the actbn of those forces becomes sensible at 
istancca not much less than a half wave-length, or ^^^^^ of a 
centimetre. There is indeed much and multifarious enoence that, 
in ordinary solids and liquids, not merely the distances of sen- 
sible intermolecular action, but the linear dimensions of the 
molecules themselves, and the average distance from centre to 
nearest centre*, are but very moderately small in comparison 
with the wave-lengths of light. Some approach to a definite 
estimate of the dimensions of molecules is deducible from Clau* 
sius^s theory of ten of the average spaces travelled without colli- 
sion by molecules of gases, and ^laxwell's theory and experi- 
ments reir:arding the viscosity of gases. Having perfect couti- 
dencc in the substantial reality of the views which these grand 
investigations have opened to us, I find it scarcely possible to 
adiiiiL that there can be as many as ten molecules in a cubic 
centimetre of liquid carbonic acid or of water. This makes the 
average distance from centre to nearest centre in the liquids 
exceed a thousand-millionth of a centimetre I 

We cannot, then, admit that the formulm which I have given 
above are applicable to express the law of equilibrium between the 
moisture retained by vegetable substances, such as cotton cloth or 
oatniea],orwheat-flolir biscuits, at temperatures far above the dew- 
point of the surounding atmosphere. But although the energy 
of the attraction of some of these substances for vapour of water 
(as exemplified when oatmeal, previously dried at a high tempe- 
rature, has been used instead of sulphuric acid to produce the 

• By *• average flistaiice from centre to ncHrrst centre, *' I Tnean the side 
of the cube iu a cubic arrangement ot a number of points equal to the number 
of teal moleculM m anv space. 

■ aG2 
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freezing of water under the leeiever of an air-pump) is ao 
great that it might almost claim lecognition from chemists as 
dae to a chemical aiBnity/' and rmlttng in a ''chemieal 
combination/' I believe that the absorption of vaponr into 
fibrous and cellular organic stmetnres is a property of matter 
continuous with the absorption of vapour into a capillary tube 
demonstrated above. 



LXL On the Reflection and Befiraeium of Light by ihm Layert 
cf MetaL By E. Jochmann^^. 

^^UE optical propcrtio:? of chia metallic laniclliu have recently 
J. been subjected by Quincke to a series of careful and in 
many waj^s varied experimental investigations f. The remark- 
able and in part unexpected leanlts of these investigations make 
sensible a deficiency in the theory of reBeetioUj in that the theory 
of the intcrference-pbenomemi of thin transparent lamellse has 
not hitherto been extended to metallic media. Starting from 
the principles of Cauchy'a theory of reflection, I arrived at a 
system of formulsc which represent the phenomena of reflection 
and refnu'lion of lisrht by thin metallic lanielhc with the same 
degree of niaihematical accuracy a> tljc formulae of C:nirhy for 
metallic retiectiou ou the supposition of a considerable tiiickricss 
of the nirtallic layer. Cauchy's formul.'C for the intensity and 
phase of light polarized perpendicular to the plunc of lucidcacc 
include, as is known, the simplifying presupposition that the 
coe£5cicnt of ellipticity e (originating from the influence of the 
longitudinal waves) may be put equal to 0. We know thai the 
influence of this coefficient with transparent media is always but 
very little, except in the vicinity of the angle of polarisation. 
With metals there is no polarization-angle in the same sense as 
with transparent media ; and indeed the comparison ofCauchy'a 
formulje with experiment teaches that the influence of the coeffi- 
cient of elliptirity may, without sensible error, be neglected, even 
with mctalhc nu Ji i. So much the more will this presupposition 
be justiHed wh' u the theory is applied to thin inetallic l.iniellie, 
in which mauiluld causesi eooperale (lilnini^l^iIl^ the accuracy 
attainable by the measurements. Altlioiigli the method \\hich 
I have used for the derivation of the following form u he pennits 
the carrying out in full rigour the solution of the problem, yet 
it appeared useful, in the case of light polarized perpendicular to 
the plane of incidence, to introduce that 8imj)lifying presuppo- 
sition, in order to give to. the formuhs a form applicable to the 

* Translated from a separate copy, communicated by the Author, firotn 
Pogf^. Ann, l">^;aiii^'s;sbaiKl v. pp. 620-636. 

t Pogg. An I. \ :er.-Xviii. p.5ll ; vol.cxx x. pp.44S!]7/ ; vol. cxxxii.pp. 
29, 204,a2i U ^a€kriehten4Mmui^erOttJ,lVii$tnt9k.Bwt.2U l^^O. 
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derivation of consequences practicable and suitable for compa- 
rison with fxperirjK iit. 

The three nied i i to be considered shall, accordini:; to the order 
of succession, be designated as the 1st, 2nd, and 3rd; and the 
quantities referring to them shall have the corresponding indices 
1, 2, 3. Accordingly let Xj and Xy be the wave-lengths, «j and 

the angle ui lucideacc m the first and Lhe angle of refraction 
in the third medium. The sines and cosines of these angles willj 
ibr the take of brevity, be denoted by s^, Cp ^3, c^. The wave- 
length and the angle of refraction for the second, metallic 
medium, are^ it is wdl known, according to the notation intro- 
duced by Gauchyj imaginary. If, then, we put 

and denote the complex values of sin and cos »^ by 



in which 8^ Cg are real positive quantities^ and c, u real angles 
lying between 0 and ^, it is well known we shall h%ve 

£1 _ 3, 

X, /.^ X3 

and the complex refraction-ratios for the passage out oi liic lir^t 
or third into the second medium sviii be expressed by 0^e'' or O^c', 
where 

The quantities s^^ ^, u are therein connected by the relations 
^ cos ie+tl cos 2ttsl^ 

si sin 2s— 4 ^ 2fi=0, 

which arc always to be identically fulfilled. 
For abbreviation^ further, for ^=1 or 3, let 

- -> %pS= — ; 

U^ = 1 + cos (€ + u) + gl, U,= 1 + cos (e - u) -f q; ; 

1 -2 cos (6+ U) + 2?^= 1 cos (6- 1*) + (g* 

Denoting the thickness of the lamellae by A, and ))utting 
, 2wcocos(€ + w) ^ „ -!S2U^i!i!±!L> . 

there result, for the amplitudes a' and ^^^^ and for the retarda- 
tions of phase d' and 6?^^,, of the ray reflected in the first medium 
and of that refracted in the third medium, the following ex- 
pressions : — 

I. For light polarized parallel to the plane of incidence : 
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where 

(q,q3-l)8m(e-t<) _ 



■ 



^11+^8+ (^1^3+1) cos (e-u) 
1) 8in (€~w) 

In order to excluilc all uncertainty in respect of flie qiindrniUs 
in which the phases are to he taken, the tangent-tormulx are so 
written that their numerators and denominators always asrree in 
sign with the sinfN- and cosines. The amplitude of the incident 
ray is put equal ti> 1 ; aud the leiiiaming amplitudes, as well as 
the si^uare roots occurring in the expressions fur d^^,, ^.^^ are 
always to be taken according to their aboolato positive values. 
' The fomrabs-systems I« and 11. dife only in ituM, thai in the 
latter and take the place of a, and ii ; consequently also 
Uk and ^8, take the pace of U, and V,; while L and B pteierve 
their valoea onchanged. lioreover the exptesnmi for 0^/ oon* 

<?• 

taius in addition the factor -i» 

. . 4 

For perpendkular incidence, 

and the two systems become identical. It is true that, for re- 
flected rays, a difference of phase ^i'— b'= +7r is indicated in the 
formulsc; but this proceeds solely from the reversal of direction 
of the ray. That is to say, if the sether-Tibrations take place 
perpendHeutar to the plane of incidence (chosen as plane of coor- 
dinates), the same direction vibration corresponds to the same 
phase of the incident and reflected i«y ; bat if the vibrations 
take place tn the plane of incidence, to the same phase corre- 
iBponds the opposite direction of vibration of the normally re* 
-fleeted ray. 

When ^i>^3, the formulae remain valid for all values of the 
angle of incidence ; then 9^= ao , qisO, and constantly 



If» on the contrary, 0^>B^ the fiirmul» hold good only as far 
as the limiting angle of totu reflection at the third medium^ for 

which angle *i= ^, %=1, ff=oo, %=0. The case i^>\ re- 

qnires a special discussion* 

For a vanishing thickness of the metal or for As=:0, L=0, 
and Das 1, the expressions for the intensity become Fresnel's 
formulae of intensity ; while the tangents of the phases become 
Oj as wBs to be expected, since in the derivation of system II. 
the cocihcieut of cmpticity was taken as s=0. 
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For A» oD^ BsOj we obtain 

which are Caucby't formnls. The symbol lim. sigaifiea that 
with inereasiDg thickness and b^^^ approadi the given limitiiig 
farm* A oonatant limitiDg iwAie is oiily present in the 



TT 



case (to be hereafter cUscu:$sed) €= — 

Systems L and ILaie essentially characterised by thepecplisr 
eonnexion between the periodic and the exponential functions; 
The influence of the one or the other pi^eponderatcs according to 

ihf value of thn quantity €+ //, which agrees with twice th*' value 
(jt tlic so-called "principal azimuth" of the elliptical poiaruui- 
lAon* That is to say, the value of the ratio 

^ w tan (€ + ti) 

depends on this qoantity. The angle e may vaiy between the 
limits 0 and 

1. The limiting ca-c e = 0 corrcspo?i(l« to iransfparcnt ir.cilia. 
In consequence oi' the relations subsisting between the quantities 

Cj «> then KsO or w^'^* according to whether s^^l or 

^2>1; The case e = 0, w = 0, B = ], furnishes the known for- 
nulla; for ordinary rcHcctioii and rcfrac tion by transparent laniellw, 
from which liie eipuuential functions have vanished. 

TT 

The ease esO, ^^-^i which follows LsO, corresponds 

to reflection by a thin transparent lamella^ for whieli the luniuug 
angle has pasMd beyond the total reflection. Yet^ as IS known 
from the observationa of Newton, Stokes, and Quincke, with 
soffidently small values of A light can pass from the first into 
the third medium. In fact, according to the fundamental prin- 
ciples of Cauchy's theory of reflection, in a very thin layer on 
the other side of the bounding surface of the totally reflectiug 
medium n motion of the sether takea place which is anakk 
trnus to that in the puprrfirial layer of metallic media, and ran 
be regarded as a limiting case of it. By the insertion of the 
abo/o values for € and formulte I. and il., if we put 
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^i=taD<^„ q,= tan\(r„ 

tan ^jj, tan 



^_ (l-D«)«4-4D««mM»,-»>,) 
(l-J)«)«+4a)«Mn« + 

(1- j>«)« 4. 4D« am« (^^ + Vrj' 

cos 2^, 

Wbcu the third medium is identical with the first, the for- 
mulae are traDsformed into those given Ijy Stokes* for this case. 

whiehj taking into oonstdenition the signification of and 
are tbe usual fonniilfe for total reflection. 

2. The limiting case e= ^ ^from which constantly foUowausO, 

L=0, ia, apparently, not realised in nature. Nevertheless most 
metals approximate to it (especially the noble metals, which have 
hitherto been the easiest to obtain in transparent layera) much 
more than to the opposite limiting case caO. On the other 

* Tnmt. of Csmbiidge PhU. 80c. toI. viu. im 
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huid, the result is itmnAMi in a tbaoietteal poiiit of vieir^ that 

the system of formuiK corresponding to the case e^-^is almost 

perfectly identical in fonn with that above earhibited for total le- 
fleetion by transparent lamelbs— namely^ with the modification 
that the nnmeratora of the expressions for tan ^' and tanb^^ 
receive the opposite signs. The condition #t>l| which limita 
the variation of the angle of incidence, disappears in (his caae^ 

and may increase firom 0 to unless the greater values be 

excluded by the occurrence of total reflection at the third meiVmm. 
When A= CO, we have the case of a total reflection for any angle 
of incidence. It is easy to prove that, with increasing thickness, 
neither in the refracted nor in the reflected light can there be 
maxima ur minima of intensity ; for the maxiuia of a'^ and a" 
would necessarily corespoad to the minima of aj^i' and a^*, and 

/ 1 \' 

also to the maxima of the expression (^~"jy ) +4sin*(^|+M* 

But the second term in this is independent of the thickness; 
wliile the squared })arcnthesis possesses, between the limits A =0 
and A=cc , no real luiuimum. Such a medium, therefore, in a 
layer of variable thickness, would not exhibit, either in the re- 
jected or in the transmitted light, an interference-phenomoioii 
aoalogous to Newton's colours of transparent bodies. 

For the transmitted ray this assertion may be at once gene- 
ralised thus far : — ^with increasing thickness maxima and minima 

TT 

of intensity can never occur^ provided that e-fu ;> — . For let 

us imagine both numerator and denominator of the general ex- 
pression for a^/ divided by D'; the numerator becomes inde- 
pendent of the thickness^ and the denominator takes the form 

N = UjUjD-- + V, Vi>D«-2 (A cos 2L+B sin 2L), 
where^ as an easy calculation shows, 

A«+B««U,UaV,Va. 

The maxima, then, of must correspond to the minima of 
'N, and vice versd, iJilicrentiation according to A gives 

+ 2 cos (e + ttj (A bin — B cos 2L}, 
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+ 2 cos' (6 + u) (A cos 2L + B €08 2L) . 
For A=0, has the positive initial value 
4firc 

"T^ • 4yifttei+j8) wn2(e+tt). 

*« 

But the second diflEerential quotient can never be negative for 

c 4- 14 ^ because we have 

4 

The nnmerical value of the parenthesis Aoos2L+BooidL 
iheiefore cannot exceed the limiting valnes , 

± i/A^ + B«= ±2i/(U|UaV4Va). 
Therefore constantly 

(U,U3D-*+ ViVaD«) ±2(A coa 2L+ B coe 2L)>0, 
whence ^ ^ > 0 reattlts for e + ti > ^. Bat hence it further fol* 

Iowa that starting from its positive initial valuer constantly 

increases, and so can never become 0, and therefore that, in the 
light that pabses throu^rh, there arc no niaxiaia or minima, but 
the intensity continuously diminishes as the thickness inrrcasea. 

For the reflected ray, on the contrary, the condition ior the 
maxima and minima assumes the form 

UJD-*sin(2L+€+tt-*)+VaD«8in (2L-«-«-t) 
-2A/j^^y5 9in2(c+ii)-0, 

where 

t«nt±i = --^^i , tan t^ = ^cot (.+«). 

For greater valnes of A the infloenoe of the term multiplied 
by B'* becomes here evidentW preponderant; and since tlda, in 
consequence of its periodic nctor^ infinitely ofUn changea its 
aign^ an infinite number of maxima and mininaa exist. These, 
howeveri diminish in distinctness very quicklyj since the periodi- 
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cally fluctuating inteosity very quickly eonverges towaxds tlie 
V 

mean value ^r' 

We him now to determine whether (speaking after the ana^ 
logy of the phenomena of Newton'a eolonred rings), with n me* 
tame layer inereaiiog in thickness from the centre to the circom- 
ferenoe^ the middle appears bright or dark. For A sOj 

^ ' fe+^a)* 

This cxprcsslou is positive or negative^ accordiag to whether 
the third medinm is optically denser or rarer tnan the first. 
Thnsy for example^ with a metallic coating of this kind, of vari* 
able thickness, adhefiug to glass, the middle in reflected light 
must appear dark or bright, according to whether the reflection 
takea place in air or in glass. If the third medium is identical 

with the first, and so ^1 = ^31 then, for ^=0^ a'^ssOaud 

and the middle appears dark. 

The discussion of the expressions for and leads to per- 
fectly analoi^ons rcsiiltsi. 

As regards the comparison of the given results with experi- 
ment, liitlicilo only some of the noble metals, particularly silver, 
gold, aud platiniuji, have proved capable of being obtained in 
sufficiently thin, transparent layers. These metals arc charac- 
terized generally by large values of the constant e. For &iher, 
when the reflection takes place in air, Jamiu's observations 
give:— 







•= 








0-4595 


79 15' 


05373 


2-830 




02740 


77 16 


04143 


1-833 



Qnincl^c's scries of observations {Opt. Unlers. §^ 39-41) give 
the follo\N inrr values for the optical constants of thin lamellas of 
Hilver and gold with reflection in air and in glass (these obsenra- 
tioas refer to red light); — 





Reilcciioii 111 air. 


Reflection in gUsi. 






log 9,. 


«. 




«. 


JSilvcr oiicruwii glass. 
IKnigliM... 

Ciolil oil crown glass. 


0 5 742 
05349 
0-4016 


87^54' 
86 24 
84 57 


0 3545 
0-3764 

U29S5 


84' 4^' 

81 37 

82 43 


1-658 
I 440 

1-268 


1 5149 

1-62j8 
l-al49| 
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Here the observations contained in a horizontal scries all refer 
to llie same metallic layer. Accordingly theory would require 
that the valaea of the constant € should be identical in both 
eaiea (refleotioti in air and reflection in glass)^ and that the quo- 
tient of ^- should be equal to the exponent of refraction fjk of 

glass, gi?en in the last column. These requirements of theory 
are evidently only very imperfectly fulfilled— which necessitates 
the assumption that, in consequence of a different molectdar 
eonatitutiou of the metallic aurfaoea adjacent to air and to glass, 
the constants of reflection asaume somewhat difierent values. 
Similar are the results of the series of observations given in § 43, 
for the reflection-constants of the aame silver surfaoca in air, 
water, and oil of turpentine 

e, = 87° 24^ = 87° 52', = 86° Q', 
/^|bO-5178, /^«s0*4264, 

0. 



a; 



^=al'440, 1-474. 



With regard to trmuparmit metallic layers the first question 
is, whether the degree of transparency required by theory agreca 
with that found by experimeot. Aa the factor is contained 
in the expreaaion for tlic intensity of the ray after transmission, 
that factor must first be determined. With the aid of the above 
given optical conatanta of silver for Fraunhofer's lines D and H, 

the values contained in the following Table, of for varioua 

thicknesses of silver, are eaaily calculated on the supposition of 
perpendicular incidence : — 





VrtantioliBi't line 


A, 


Framihofer'i line 


D. 


II. 


D. 


II. 


millim. 






millttn. 






001 


1*830 


1-786 


006 


37-53 


32-53 


•09 


BUS 


3192 


•07 


68-67 


5810 


H)3 


6126 




•08 


125 66 


103 8 


•04 


li'Jl 


loia 


•4H» 




1854 


•05 


mi 


1890 


•10 


4»f 


8814 



When, fuither, we set up the actual intensity-expression for 
the ray which baa passed through the system of silver and flint 
glass, in which the loss of intensity in the passage through the 
uncoated surface of the ^hiss also comes into consideration, we 



Digitized by Google 



4ttl M. £. Joehmaiui on tki R^fiecUan tmdR^a^um 

fbd tbat the raloe of S* with perpeodimiUur tneideneo u to be 
mulliplied by a BmBedol factor which^at the thidtoesft tucraitety 
apptoiiehea the limiting value 1*747 for Fraimhofer's line and 
2*2666 for the line U ; so that the greater tiBDapaitacjr for raja 

of higher refraDgibility is thereV)^ rendered more apparent. 

Quincke found [Opt, Unters. & 52) that silver of 0 09 miliim. 
thickness, gold of 0*16, and platinum of 0-40 still appeared 
transparent. The succession of degrees of transparency is, with 
regard to the optical constants of these metal-, tliat which, from 
the theory, was to be expected; and the value 0 OL) for silver 
itiiiy be* regarded a liautiug value satisfactorily iu accoi Jauca 
with the theory, since the extinction at this thickncas baa pro* 
ccedcd Lo about .^oo original intensity. 

Although the phenomena hitherto discuaied have revealed de» 
viations from the theory which could only be explained by the 
aiaumptioQ of certain moleealar dafbreneea in the metallie snr- 
&ee8f occasioning a variation in the optical constants^ yet the 
general character of the phenomena was in accordance with the 
theory* On the contrsry, a fundamental difference between 
theory and experiment occurs in the Newton's colour-rings ob- 
served by Quincke on thin metallic lamellae (Opt. Vnters. 
J} 49-64). Silver^ gold^ and platinum undoubtedly belong to 

IT • 

the group of metals for which the condition € + ti > ^ is fnlfilled, 

for which therefore, as was above shown, in the transmitted light 
generally no maxima and minima can occur. As regards tlic 
maxiiiiii and mimina of the refieeted light, there are of course 
an nitinile luiuibcr of them, w liich yet, as may easily be shoi^n, 
escape observation through their small intensity. Considering 
that, for 0*1 miliim. thickness of silver, only variationa of inten- 
sity of the order of about -Aj^ of the total can be expected, only 
the number of maxima and minima which aafar aathia thickness 
are, according to the theory, to be expected need be eoonted. 

For A«01 milUm., 2L= ^""''^ ^ ^ . 01 mjilim. In 

the simplest case of perpendicular incidence, r^i^l, ussQ; 
further^ for Fraunhofer's line D, X|&0'6888 miliim., ao that we 
obtain 

2Lc=01825.2ir»65'42'. 

Aa for aa this thidLnesa, therefore, the periodic tema of the 
function have not yet run through one fifth part of their period, 
and, independently of the bright or dark centre, in the fovouxw 
able case perhaps only one maximum or one minimum will have 
been obaerved. 

More remarkably, the breadth of the bright and dark atreaka 
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observed by Quicke was not essentially influenced either by the 
colour or the angle of int idence. If, however, they are to he 
regarded as Newton's lulertcrcncc-hnes, it will thence follow 
that Cauchy's theory of retiection cannot^ without essential mo- 
difieatioD, be applied to ■ach tbm metalliG hmelle; eonflidanbljr 
difereni values miut be aasigned to the optical eonatanta; particw* 
larly the conitant e most have a conaiderably smaller value than- 
lor opaque metalsi in order to be iu accord with experiment. ButT 
thenoe will necessarilv leBult the further consequence that^ even' 
in opaque metals, the arrangement of the aether in a superficial 
layer of measurable thickness is essentially different from that in 
the interior of the metal, so that the quantities and e lose their 
character as constants, and that, as Quincke has assnmerl, the 
reflection takes place not in a geometrical hoinidmg surlace^ but 
wiLliio an intermediate layer of iinite thickness/ 

The middle of the system of fringes observed by Quincke, cor- 
responding to A=;0, appeared dark in silver lamellae when the 
reflection took place in air, bright when in glass — which agrees 
with the above-devdqied reault of the theory. The aetioa of 
gold and platinum waa eomewhat anomalous. 

I refrain for the present from a doaer discussion of the eipres* 
aions for the phases, and merely refer to an easily controllable 
result of experiment which likewise stands in contradiction to 
the theory. M. Quincke fouud (GiiU, Nachr, Dec. 1870) that 
the difference between the directions of the rays transmitted 
thrniigh air and through metal amounted to nearly +7r for dif- 
fi rciit tliieknesses of dk tal 0 Oi millim. For minute thick- 
nesM!s uf metal, the coTidition of a constant direct ion -diticrcnce 
between metal and an cannot generally be fulfilled by the theory. 
For greater thicknesses, the phase d^^^ ap])roxiiiiates, as before 
meutioned, to the limiting form h—y^, and the quantity L, in- 
masing with the thickness, would be equal to the corresponding 
quantity for air« if the diieetion-difference were to assume tha 
.'constant value The condition thence following is 

tf,C0B («+•«)= ^- 

This cannot be fulfilled for any anirle of incidrDci . Let it 
hold good for perpendicular im ith uce, and aj)pro.\niiately for 
sjyiall angles of incidence, it will be reduced to ^, cos e = l, 
whereas for silver 6j C08€=0"5373 was found above. But even 
in the case of its being fulfilled the constant direction-difference 
would not be found equal to +7r, because the angle always 
lies in the first quadrant. 

Leignitz, J anuary 18/1. 
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OK HASKONIO EATIOa IK IFBCTEA* BY X. L. 80RKT« 

THB idea of seeking harmooie Te1«tioiis between the diferent linei 
ci the spectrum of one and die same body is doubtless not new. 

several savants luiving alrciuly occupied thenrseh'e'' with thi« qncs- 
tion*; but the article which has ju?t Ijccn auftlyzcd'l", as well as 
Mr. Stoney's previous noto, nppt ai * to us to present a special in- 
terest: — 1st, by the extreme precision with which the calculated 
wsTe-lengtbs coincide with those deduced from experimental deter- 
minations which are capable of inspiring great confidence ; 2ndly» 
hf the high order of the harmonics which are i nd icate d — auch that 
the mtios of tht' nnmbcrs of vibrntion" are by no mean*? very simple. 
The complicatioa of these ratios, particularly for chlorochromic acid, 
as well as the absence of the greater nunii)er of tlie harmonics in the 
case of hydrogen, is even of a nature to excite doubts of the correct* 
ness of tne hypothesb which u to be controlled* 

Nevertheless the coincidence of the calculated with the obaervad 
values is too exact for it to be poanble to attribute it to chance : if 
not due to the existence of harmonics, it must proceed from "some 
other determinate cause. It seems, then, to us that here are motives 
for urging the study of this interesting subject. By taking mto 
account &t nltra-violet lines, of which a great nnmber have already 
been determined photographically by M. Mascart, we shonld have a 
much more extensive field than if we confined ourselves to the 
visible spectrum, which does not comprise even an entire ccfnvr. 

As an example, I will notice some relations at which 1 arrived 
with facility in a very superficial and incomplete examination of Uie 
question. 

It is known that tiie spectmm of magnesium preMots, among other 
bright lines, a group of three green lines (coinciding with the solar 
lines b)* M. Mascart^* in studying the ultra-violet portion of this 

ppectriim, Im? fninid two otlier ^^ronps of three lino" perfectly resem- 
bling the preceding in ihi ir appearance ; iuul to hi^ record ot tliii f;ict 
he adds ; — " The reproduction of such a plieaomeuon can hardly re- 
sult from chance ; is it not natural to admit that these groups of 
similar lines are harmooict, depending on the molecular oonstitutioa 
of the luminous ga? ? " 
The wave-Ien^ of the least-refrangible of the tbtee lines in eaeh 

• Among others, M. Lecocq de Boisbatidran {Compte$ Rendtts({^ VArtifJ. 
des Sciences, 1869 and ISJO) has noticed a great number of approximately 
simple ntioi between the wave-lengths of the various lines bekmgin^ to 
one and the same body, as weU as eertsm rsktioos between the positMna 

of the lines of <b(T<Tcnt botlicj 

t Messrs. Juliu&tuue btoncy aud Rcynuids's article, in the Philosophical 
Msgasme for July 187 1> *' On the Ahsorption-speetnim of CUoroclmiie 
Anhydride.'* 

I Coayf et Bmdtu de PAegd. de$ Semcei, 1869, vol, Ixix. p. 337. 
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of theie gmps u given by tiie foUowiiig nnmbera : — 

milUni. . 

l8t group, X=0-0005183 (Angstrom's determination), 

2nd „ X=0 00038378 (Comu's „ ), 

3rd „ X=00003d35 (Mascttrt'e „ ). 

Now the mtio between the fitet two namben. ^HHH^^.f^a' » 

nearly identical with the ratio between the wave-lengths of the hy- 
drogen-lines C and F, lines which Mr. Stoney regards as the 20th 
and 27th harmonics of one and the same fundamental vibration. 
The first two groups of magnesium nl««o mighf tlien ffire be regarded 
as the 20th and '27th harmonics of a fundamental group of vibrations, 
of which the wave-length, for tlie least-rcfrangible line, would be 
0'0103660 mittim. As to the third group, it would not represent 
the 32nd harmonic (as this is done by the hydrogen-line A), bnt, 
very nearly, the Slst. 

Facts of tlie same kind are found also for the lines of cadmium 
which have been determined by M. Mascart*. Thus the ratio of 
the wave-length of the 1st line (A = 0'00064370) to that of the 18th 
(X=0 O0O25742) is exactly as 5 to 2. Further, between the 2nd 
line of cadmium (\s0'0005377) and the 8th (X=0*00039856) the 
27 

ratio ia found, with an approach to accuracy very near the limit 

of the errors of observation. These two lines might, then, be re- 
garded as the 20th and 27th harmonics of one and the same funda- 
mental vibration. The 32nd bnrmonic is not found ; but, as in the 
ca«e of maguebiuro, the Slst haraiumc nearly coincides with the 10th 
Ime (X=:0'00034645). The 6tb line (\=:0<00046765) represenu 
very exactly the 23rd harmonic of the same fundamental. Finally, 

27 

the 6th and 10th lines are also connected by the same ratio of — . 

It seems difficult to admit these coincidences to be fortuitous; 
and probably others still would be discovered on a closer examina- 
tion of the question.— Jiiblioihiyue UniverselUt Archives des tScieuces 
Physiques et Naturelles, September 15, 1871. 



OJi THE ELECTROMOTIVE FOIitl O? INDUCTION IN LIQUID CON- 
DUCTORS. BV DK. L, }IERMANN. 

On the occasion t f exjierlmpnts on the excitation of the nerve by 
induction m itself, w hich 1 shall elsewhere communicate, the ques- 
.tion suggested itsdf wfaedier theelectromotiTe fefeeof the indnction 
demonstrated by Faraday in liqoid conductors was the same as that 
in metallic ones, other conditions being the same. Since under 

♦ Annales de I'Ecole normaie, 1867, vol. iv. p. 28. 

FhU. Mag, S. 4. Vol. 42. I^o. 282. Dec. 1871. 2 H 
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iStut litter the iDduoing force is independtnt of the Mtuft of tb« metal, 

the question ariees, does this independence of the nature of the in- 
duced contUictor fiIpo extend to liquids, and therefore to all conduc- 
tor>< ? Experiments on tUis point iiave not been made, so far as 1 am 
aware. 

1 made three experiments with three different erruigeme&ti, of 
whtdi I ihnU only oommonionte the noet enoeeealiilf m they ell led 
lo the Mne reenlt. 

In a metallic contact connected with the compass apiece of cnout- 
chouc tnhing 179 centims. in length was inserted ; it* extenial dia- 
meter wa^- 1.3 milliras., its internul 7 millims. In both endi amal- 
* gamatcd ziuc cylinders were firmlv tied ^ uiid the tubing was entirely 
tUed with eetonted eolntioii of sine Tttiidl. The intenutice of the 
indnced cuireat wtre^now to he compared eccotding to whether the 
liquid part, or a eofteeponding one of the metallic oiicnltt or both 
limultaneot3¥"ly were exposed to inducing action. 

A powerful Kulimkorfr s electromagnet wn? used as inductor, of 
the kind which serves for investigating the action on the plane of 
polarization. The current was furnished by two adjacent terift, 
eadi of four Bnnsen's elemente. The two ooila were provided with 
l^lindiical j)oIes of 65 millims. diameter and plane faces, and were 
60 arran{^d that the two poles formed a cylinder between the 
spiral 55 millims. in length. About these the caoutchouc tubing 
Wa» first of ail coiled in six turn*, then, in a further perie» of expe- 
riments, simultaneously with it a pax t ot the metallic cuuuuctiou, also 

In eix tnma, of approximately equal ndine s the eaontehouc tnbe was 
Anally removed and only the cmU of wire left The eontbnity of 
the Induced drenit was unbroken during the whole of the experiments. 

The C(>mj)n«§ wn§ one of Wiedemann'?, extremely sensitive, with 
the magnet miidr Mperiodic by aaufhcient degree of astatizing. The 
▼err slight inequality of the zinc electrodes in the tubing produced 
a flight deflection, which was almost constant during the entire ex- 
periaient, which produce* no disturbance, because fiie induced cir- 
mit la always oloeed. The electromagnet was remored as flv from 
the compap«> my laboratory permitted ; it was in another room, 
at a distance in a straight line of 14*6 metres. The openinr*? and 
closings were effected by my assistant, at bell signals i^ivca by an 
observer sitting at the tele8<x>pe. ihe electromagnet was turned 
about the vertical until the action 4>f its opening and dosing wss 
without any influence on the mirror of the compass whin the 
circuit of the latter was open. The primary current was altematdy 
pa."5ted th rou gh the electromagnet in the two directions, which i wul 

call A and H. 

Ills following are the deflections, exactly in the order in which 
they were obtained. Before Experiment 1 the cltotromagnet had 
hMB traniBed by tfaa tmimt m the dirsctioB A. 
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L Induction on the liquid Conductor (six turns). 
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These experiments show with certainty, since the resistance in the 
induced circuit is in all cases the same, that the electromotive force 
of the induced current is, in the widest sense of the word, entirely inde- 
pendent of the nature of the induced conductor. The induction in 
Series L and IV. is approximately equal, in Series 11. approximately 
twice as great, and in Series III. approximately null. That these 
relations should he quite exact could not be expected, since induction 
takes place on other parts of the conduction besides the coils, and 
these parts change their positions somewhat during the arrangement 
of the experiments, and, lastly, the convolutions cannot be exactly 
limited to six complete turns. 

After each alteration of the direction of the current in the electro- 
mae^net, the first closing regularly produces an uncommonly strong 
induction-current (the corresponding numbers are marked with • 
and are not taken into account in calculating the mean). This phe> 
nomenon doubtless has its origin in the fact that the electromagnet, 
after the opening of the current, retains a high degree of permanent 
mngnetism ; so that in altering the direction of the current there is 
not only a magnetization, but also an inversion of the poles, which 
must, of course, produce a more powerful induction. Inasmuch as 
the latter amounts to more th in double the ordinary one, it follows 
that the magnet on opening retains more than a third of its mag- 
netism. Moreover it is observed that in by far the most numerous 
cases the induction-current on closing is a little stronger than that 
on opening, and that the intensity of the former is subject to some- 
what stronger variations. This also can be readily explained : on 
opening, the magnet always loses the same quantity of magnetism ; 
this sudden decrease is followed by a further slower one. The in- 
crease of magnetism at the moment of closing will therefore always 
be somewhat greater than the decrease at the moment of opening, 
and will be greater the longer the pause between two experiments. 

Exactly the same phenomena were observed in the two other 
series of experiments. In one the electromagnet was again used as 
inductor ; between its poles, however, an iron cylinder 149 mil- 
lims. in length and I£ millims. in diameter was inserted. This was 
surrounded by a glass spiral of fourteen turns, width of coil 30 mil- 
lims., filled with solution of zinc sulphate. In the other I used an in- 
ductor, to be described elsewhere, which I have constructed for nerve 
induction, and which is calculated for very short induced conductors ; 
in this case a simple straight glass tube or a metal wire was used 
for induction. — Poggendorff's Annalen, No. 4. 1871. 
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